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Chapter 1
Overview of the Study
The use of computers in the field of learning is by no means a new 
phenomenon. Indeed, by the end of the 1970s categories of instructional use 
of computers were well established. From the outset, computing technology 
seemed to offer the learning environment a method for individualised pacing 
and sequencing of material. This concept grew from the realisation that the 
one-to-many relationship of teacher to learner might be replaced by a 
teaching surrogate one-to-one relationship. Today, with the advent of the 
microcomputer more components of the teaching learning process are being 
undertaken by the computer.
The use of the microcomputer for music learning is becoming commonplace 
in the primary school classroom. Advances in technology have meant that the 
use of the computer for music instruction has evolved from the simple 
microcomputer displays of notation to the use of add-on piano keyboards, 
tape recorders and simulated mixing desk facilities. As with all software used 
in classroom music learning, music composition software has progressively 
had more features designed into it. But, while the features included in the 
software have increased, a closer examination of the educational design 
strategies employed by music compositional software show little real change 
has occurred.
In a study examining the applicability of various learning theories to the 
teaching of music, Funk and Whiteside (1980) concluded that although there 
was a substantial body of empirical data dealing with the child's approach to 
sound and notation, little had found its way into music theory or teaching
3 0009 02934 2552
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practice. An examination of the software used in music learning would 
produce similar conclusions. Most software tends to apply strict sound and 
notational rules to the learner and then invites the learner to be creative. If the 
findings which suggest that children do have their own approach to sound 
and symbols are correct (see Bamberger, 1975,1976; Wolf, 1979; McKernon, 
1979; Gardner, 1982), the validity of enforcing sound and symbol regulations 
in music compositional software must be questioned.
1.1 Problem
The purpose of this study was to examine the way in which children notate 
music and to determine if their notational style can be adapted to the human­
computer interface for music compositional software. In addressing this, a 
number of questions were posed:
• Do children inherently follow melodic contour (the method currently 
used as the basis for human-computer interfaces in compositional 
software) or do they have their own innate method of notating 
music?
• If children do have their own individual notation is it pitch based, 
volume based or duration based?
• If a basis for notation is one of the components (pitch, duration, 
volume), how are the other two components catered for?
• Do factors such as age, sex, cultural background or music literacy 
affect the style of notation?
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• Is the child's own notation adaptable to a human-computer interface 
for music compositional software?
1.2 Rationale for the Study
McKernon (1979) and Gardner (1982) in extensive studies of young children's 
approaches to both sound and notation of music have suggested that many of 
the mechanisms regularly employed by the child in song composition cannot 
be equated to the rules of western music. They found that the use of partially 
filled or overfilled bars were common, glissandos were regularly used and 
that the concept of melodic contour was foreign to the child's thinking. For 
the most part current compositional software precludes the modification of 
bar sizes and does not cater for glissandos. Likewise all compositional 
software comes with its own interface which is based on the concept of 
melodic contour.
Accordingly, the specific purpose of this study was to examine the child's 
intuitive symbolic representation of music and the impact of current human­
computer interfaces in music compositional software on music learning and 
to suggest possible alternative interfaces.
It was predicted that (a) children would not follow melodic contour, (b) 
children would have their own unique notation system for music and (c) this 
notation system would vary with age and music literacy. As this was an 
exploratory study, no prediction for the basis of the notation system was 
made.
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In examining the nature of notation systems used by primary school aged 
children to denote music, this study extends previous studies (a) by 
determining whether the notational systems were based on the pitch of the 
note, the duration of the note or the volume of the note, (b) by determining 
whether children's notational systems follow melodic contour, (c) having 
determined which component (pitch, duration or volume) was the basis for 
music notation, how the child indicated modification in the other 
components, and (d) by deriving an alternative human-computer interface for 
music compositional software which was more aligned to the notation used 
by the young child.
1.3 Scope of the Study
In order to investigate the nature of children's notational systems for music 
and to determine the feasibility for incorporating this into compositional 
software design several issues need to be considered. These include:
• The aims of music education, in particular the reasons for including 
music composition into a music curriculum.
• The learning theories employed in music education; the uses in the 
classroom setting, their effectiveness in fulfilling the aims of music 
education and their applicability to the young naive learner of music.
• The empirical findings concerning how children use and notate 
sound in their individual experimentation with music, the acceptance 
of these findings within the day-to-day practice of music teaching 
and the discrepancies with current theory.
• The nature of music composition and music notation: how notation is 
employed in music composition, its effectiveness in fulfilling the aims 
of music composition and its effect on the young musically naive 
learner.
The examination of these issues should provide a checklist of necessary 
software inclusions by which current software offerings can be evaluated and 
new software alternatives may be designed.
1.4 Limitations
This study is essentially an exploratory one aimed at investigating the way 
young learners write the sounds they hear. While research into musical 
notaton has given rise to a number of categories of notational form, it is not 
the intention of this study to categorise children's innate representations into 
any predefined group. Rather, this study is primarily concerned with 
determining if children do innately follow melodic contour or some other 
pattern for the representation of music.
1.5 Delimitations
This study aims to discover the basis for the representations of sounds in 
music made by children 5 - 1 2  years old. It is considered that the use of this 
representation as a basis for human-computer interface in compositional 
software will provide a tool more applicable to the young musically naive 
learner. As a result, this study will not consider the learning of traditional 
western notation nor the translation of children's innate notation into 
traditional western musical form.
1.6 Definitions
Music Literacy - A musically literate child, in this study, is considered to 
be any child who has learned or is learning music theory or a musical 
instrument outside the normal classroom. A musically-naive child, in 
this study is a child who is not undertaking music outside the school.
M usical Components — In this study musical components are restricted 
to pitch, volume and duration. (Other components such as attack, 
decay, etc were considered to be beyond the conceptual 
understanding of the population under study).
Music N otation  — The written representation of sounds in music. It is 
not restricted to western music traditions but includes those icons 
which a child believes represents the sound they hear.
M usic Education  — The development of aural perception and 
discrimination of organised sound and the encouragement of 
individual experimentation with sound.
Population  —  The population in this study are children in grades K - 6.
Chapter 2
Literature Review
Both music education and the technologies employed in music education are 
often used in a context where little overlap of theory and empirical findings 
are in evidence. This study is intended to investigate the person/machine 
dialogue within music education. This chapter will begin by looking at the 
various 'schools' of learning theory and their effect upon music education 
practice. The theories provided are intended to provide a foundation for a 
later discussion of the design of computer software in early music education.
2.1 Music Education
Any definition of music education must include the aims, approaches and 
expected outcomes of such an endeavour, and how these relate to the young 
learner.
Music education has been described as
a continuous process leading to the development of aural perception 
and discrimination of organised sound. (NSW Music Curriculum, 
1984, plO)
For the young learner this includes the development of aural awareness of the 
nature of music, together with musical memory and aural imagery. Most 
authors agree that both the process and the final product are of equal 
importance and suggest that through activities of listening, singing, moving,
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playing and organising sound children become familiar with the concepts of 
music.
Included in the aims of music education must be:
• the encouragement of a positive attitude to music.
• the development of aural capacitiès, understandings and skills which 
encourage:
• individual response to music
• active participation in music
• enthusiastic and sensitive performance of music
• individual experimentation with sound
• awareness and appreciation of various cultural traditions, 
historical traditions and current practices in music
• increased enjoyment of music
• to provide opportunities for all students to learn through 
participation in musical activities at levels consistent with their 
developmental needs and interest (NSW Music Curriculum, 1984, p 
10)
Everyday children hear a variety of sounds in their environment. From an 
early age they react to these sounds either through movement, listening or 
producing their own sounds. Like all other sounds (language, sounds from 
nature or man-made sounds), music consists of patterns of sounds and 
silences. Perceived in a musical context, sounds have properties of duration, 
pitch, loudness and timbre and groups of such sounds combine to produce a 
musical piece. While it is important to encourage individual reaction to and 
experimentation with sound, most authors stress the need for some form of
9
notation to accompany activities, suggesting that this increases the awareness 
of the need to share musical experiences (see Marsh, 1970; Chacksfield, 1975; 
Paynter, 1982; Nye, 1983; NSW Music Curriculum, as examples).
Marsh (1970) considers that any discussion of the expected outcomes of music 
education for the young learner must include an appreciation of the creative 
products produced both by their own efforts and the efforts of others. Both 
Marsh (1970) and Nye (1983) suggest that young learners should be 
encouraged to participate in musical self expression, while expanding their 
skills through activities such as singing, experimenting, listening, moving and 
symbolising. Indeed the NSW Music Curriculum suggests that one of the 
expected outcomes is:
• a continuing desire to expand music concepts and skills through 
activities such as:
listening, organising, experimenting, improvising, creating, singing, 
playing, moving, symbolising. (NSW Music Curriculum, 1984, p 11) 
(NOTE commas inserted by the author)
2.2 Learning Theory and Music
One of the few aspects surrounding how children learn, which is agreed upon 
by all theorists is that:
There is not now, nor is there ever likely to be in the future, one 
theory that comprehensively describes all aspects of how children 
learn. (Hall and Roberts 1983)
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Learning theories date back to Watson, Thorndyke, Pavlov etc., some have 
been severely questioned, some are highly esoteric. While the categories of 
learning theories can be shown to be applicable in certain subject areas, 
adoption cannot simply be justified on the basis of empirical data, but must 
be shown to relate to the specific learner and the discipline or task being 
presented (Brophy et al 1975).
The categories presented in the following section are by no means complete. 
They do, however, give an indication of some of the theories of learning 
currently used in educational practice.
2.1.1 Behavioural Learning Theory
Behavioural learning theories focus upon observable learner behaviour 
where the stimulus is modified until a desired response is given. While 
important differences exist between theorists within the behavioural 
approach, the theory is still embraced by educators for several reasons:
• The theory has evolved from behaviourist and connectionist theories, 
giving it strong psychological, historical and philosophical links.
• For many educators the theory forms a basis for how children should 
learn and how learning materials are designed.
• The theory has proved useful when discussing competence and 
accountability in education.
Skinner (1954) considered that the stimulus was important only from the 
perspective of reinforcement via repetition. While studies have refuted some 
of his findings (Gagne and Briggs 1979), much of the early work of Skinner is 
still used as a basis for educational software design. In contrast to Skinner,
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Gagne (1965) developed a 'building block' approach to learning which 
circumvented criticism levelled at the Skinnerian model by incorporating 
motivation, retention, retrieval and cognitive style. The building block model 
was further enhanced by Newell (1972) and Flavell and Wellman (1977) with 
the attempt to build into the model the development of problem solving 
techniques across a wide range of subject areas.
Behavioural models have led to the following pedagogical considerations:
• Subject matter is of prime importance. It must be selected and 
sequenced from simple to complex in steps appropriate to the 
learner.
• The approach is highly teacher-directed.
• Objectives are defined in terms of behavioural conditions and 
standards and performance is measured against these objectives.
The validity of both task sequencing and teacher direction have been raised in 
the literature (Emery 1980, Herbst 1974). The criticism suggested that 
behavioural models fail to adequately consider the individual learner, 
specifically the initial state of the learner prior to a learning activity.
The use of behavioural theories within music tends to be confined to 
instrument learning and the learning of 'geometries' (pitch, harmonisation 
rules, rhythm etc.) within music. In such situations repetition is considered 
important since the learning itself is subject specific. Empirical findings 
(Werner 1940, 1961, Quillian 1967, Chacksfield 1975, Pribram 1982, Deutsch 
1982) have suggested the existence of sound and symbol vocabularies within 
the learner and the possible use of these within the learning process. There 
are a number of authors who still ascribe to the behavioural approach
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(Rainbow 1971, Raebeck 1974) and use it as their basis for teacher directed 
sound and symbol systems. This is further accentuated by the belief of many 
music teachers that language learning and music learning are the same. The 
basis for this belief is that both music and language have a written and an 
aural component. Through various experimental tests including brain scans, 
drug induced states and tests on brain damaged subjects, Pribram (1982) has 
shown this to be false stating that:
natural language is referential (ie semantic) while music is evocative 
(ie pragmatic). (Pribram 1982, p 32)
He further suggested that,
the frontolimbic portions of the brain have been shown by 
experiment to be involved with the generation and control of feeling 
(ie music)
while the
posterior cortical systems ... act much as an editor (ie language) 
(Pribram 1982, p 29)
Such findings cast doubt upon the appropriateness of the behavioural model 
(and indeed many other models). While it may be argued that the geometries 
of music need to be presented, the behavioural approach lacks appropriate 
consideration for motivation, retention and retrieval, and cognitive style.
When comparing the behavioural approaches to music and the aims of music 
education, it would seem that a purely behavioural approach fails to allow 
individuality in experimentation or symbolisation. Many authors (see for 
example Comte 1981, Paynter 1982) have suggested that the use of a
23
behavioural model tends to introduce a rigidity into the learning of music. 
Indeed Paynter (1982) has suggested that music learning under a behavioural 
model removes individual experimentation and replaces it with music theory 
instruction. While it is obvious that the behavioural approach does have a 
place in the pursuit of music, specifically in the area of instrument playing, 
the teacher-directed nature of the approach together with the reliance on 
linguistic techniques makes it inappropriate for the presentation of music to 
the young learner.
2.2.2 Developmental Theory
Where the behavioural model suffered the criticism of inadequately 
appraising the initial state of the learner (Emery 1980, Herbst 1974), 
developmental theories have attempted to categorise the learner into various 
developmental stages. The formulation of these developmental stages has 
allowed the theorists to present a suggestion of the learner's probable initial 
state. This probable initial state has been the basis for discussion of content, 
presentation method, and possible outcomes of learning experiences. Bruner 
(1960), who categorised the learner into three stages, termed enactive, iconic 
and symbolic, believed that all parts of the learning should be related to the 
whole. Unlike the behavioural models, Bruner suggested that if concepts were 
introduced at the appropriate stage the innate curiosity of the learner would 
allow learning to proceed.
The approaches of Bruner (1960) have found favour in music education. 
Indeed Nye (1983) has shown many of Bruner's theories appropriate to music 
education, specifically where the young learner must be considered. The use 
of Bruner's concept of discovery learning, when applied to the young
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enthusiastic child, allows a high degree of motivation towards the exploration 
and experimentation with sound. At an early age when the child is creating 
music without the need to communicate the final product via icons, the 
individuality of the child is maintained. As indicated, Bruner has suggested 
that the learner moves from an enactive stage to an iconic stage. At first 
glance this movement would seem closely aligned to the aim, in music 
education, for symbolising shared musical experience. Unfortunately in 
adopting the Bruner model, music educators have also adopted Bruner's 
emphasis on language. As with the behaviourists, educators following the 
Bruner model have not questioned the difference between music and 
language and have sequenced music learning into the same form as language 
learning. The unquestioning adoption of language techniques can be seen in 
the work of Marsh (1970), Bernstein (1976) and Nye (1983). This has resulted 
in the presentation of notational rules and the belief that experimentation will 
be facilitated by the adoption of these rules by the learner. This may be valid 
for the learning of language, where inability to express concepts severely 
disadvantages the learner. Music, unlike language, is not used by the learner 
to represent concepts. Thus while music and language might appear the 
same, their uses are quite different.
2.2.2.1 Piagetian Cognitive Development
Piaget formulated two theories, one concerned with cognitive development 
(Piaget, 1950), the other concerned with perception (Piaget, 1969). Piaget's 
cognitive development theory is based on descriptions of the formal 
properties of thought. These descriptions are termed mental structures. 
According to Piaget, individuals at different levels of development possess
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different mental structures and indeed Piaget (1950) named and specified 
these structures.
Certain mental structures organise cognitive acts and are called operations. 
Operations are either logical or infralogical. Logical operations deal with 
mass, number etc. and considerations such as proximity, spatial or temporal 
position are essentially irrelevant. Infralogical are concerned with position, 
time, distance. Flavell (1963) believes that it is the infralogical which best 
describes a child's perception of musical form and structure.
Piaget suggested that children begin to recognise, at some stage of their 
development, certain invariant properties within otherwise changing stimuli. 
The classic experiment used by Piaget and his co-workers was the pouring of 
a constant amount of liquid from one container to another where the 
dimensions of the container varied. The recognition of the invariant property 
(the amount of water), Piaget termed conservation. Several researchers 
(Pflederer, 1964, 1967; Perney, 1976; Norton, 1979) have attempted to apply 
the concept of conservation to music. They have suggested that the 
recognition of a variation of a theme of music constitutes the application of 
conservation to music. This perspective contains a number of inherent 
problems.
First, according to Piaget, the subject watches the act of transformation. This 
is not readily applicable to music since changed properties of music can only 
be shown after all the changes have been accomplished, rather than a gradual 
process as suggested by Piaget. The second problem is that in Piaget's original 
definition conservation was a quantitative function (the liquid in the two 
containers was of equal volume). The recognition of a variation to a theme is a
16
qualitative comparison, where elements such as melody, rhythm and 
harmony are not consciously compared in a quantitative way.
This second problem leads to a third. In Piaget's study if the liquid was 
poured from one container to another and the second container was thinner 
than the first, it would also be longer such that the same amount of liquid 
existed in both containers. Conservation thus requires the act of 
compensation; longer and thinner 'multiply' to preserve quantity. When 
music is varied there is not necessarily a compensation from the theme to the 
variation, a change in pitch for instance is not compensated by a change in 
duration. The crux of the problem is that variation in music is a qualitative 
recognition not a quantitative one.
While Piaget's cognitive development theory might provide analogies for the 
understanding of musical tasks, its application is inappropriate since the 
properties of music cannot be manipulated separately. This is supported by 
empirical studies (Pribram, 1977; Deutsch, 1982) where musical properties 
have been shown to be 'unbundled' and 'regrouped' in the brain such that 
recognition is achievable. This unbundling and regrouping means that music 
is taken into the brain in a 'complete' form (pitch, duration, volume and 
timbre). It is then separated into its components (unbundled) and 
reassembled (regrouped) into a form that the brain can use for recognition of 
the piece (Pribram 1982, Deutsch 1982).
2.2.2.2 Piagetian Perceptual Development
Piaget (1969) suggested a second developmental taxonomy for those 
educational endeavours whose basis was non-quantitative. Perceptual
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development, unlike cognitive development always remains tied to the 
stimuli present. The model suggested that perception of sameness of objects, 
by the young learner, was based on very few stimuli and that the number of 
stimulus items employed in perception increased with maturity. The simplest 
form of perception is termed an encounter where a 'centring' towards the 
minimal number of stimulus items is used. The joining of encounters involves 
decentring such that more stimulus items are perceived providing a more 
complete picture. Piaget suggested that regulations exist such that encounters 
can be coordinated, the use of these regulations increasing with age.
The first of the regulations is termed perceptual-schematisation which 
involves the repeated observation of stimulus items such that a generalised 
scheme can be found. Variations of stimuli can be assimilated into the 
scheme. The unbundling of attributes of music as suggested by Pribram 
(1977) and Deutsch (1982) tend to fit more logically into this approach, 
indicating the ability to recognise music even when it is played by 
accomplished musicians and less accomplished musicians.
Piaget's second regulation, termed transposition, involves a multi-point 
comparison of two stimuli to ascertain their being identical, similar or 
dissimilar. Unlike the cognitive development counterpart, transposition is 
considered an approximate comparison, allowing the qualitative nature of the 
items to be considered. The more sophisticated the ability to transpose, the 
more discriminatory the comparison.
The third regulation is termed anticipation. It involves the expectation that 
certain features will be presented, this being based on the existence of other
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stimulus items. In applying this to music, a discerning listener will expect the 
tonal centre of the music to remain throughout the piece.
While Piaget's views on perception seem to provide a reasonable framework 
for music learning, it is his cognitive development theories which tend more 
often to be used in the development of music curricula. This has resulted in 
the learning of music being presented in a 'problem solving' manner, often to 
the exclusion of the qualitative nature of musical pieces. It is unfortunate that 
Piaget is so often acknowledged for his cognitive development models while, 
for the most part, his perceptual development model has been overlooked.
2.2.23 Gardner and others
Gardner (1973), unlike Piaget and Bruner, looked at the basic properties of the 
material to be learned rather than the learner. Gardner termed these basic 
properties as either 'modal/vectoral' or 'geometric'. The modal properties 
include touching, feeling, getting into etc., the vectoral properties include 
speed, regularity, while the geometric properties are those which have rules 
governing their function. Gardner, who directed his attention towards the 
arts rather than the sciences, suggested that the combination of modal and 
vectoral allowed aesthetic perception and that this was far more easily 
accomplished at an early age than the geometric. Gardner suggested that the 
use of modal and vectoral properties allowed the assimilation of symbols and 
ultimately led to an easier grasp of the geometries.
Gardner's contention is that the child's familiarity with the modal/vectoral 
properties of objects, combined with a gradual mastery of symbolic media 
entitled the child to be considered a 'true artist' by about the age of seven. In
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making this statement he indicated that there are three stages of development 
towards such a goal:
• presymbolic - the first year of life
• developing symbolic - a child aged one to seven
• final development - where the development is not a qualitative one but 
a refinement of 'making', 'feeling7 and 'perceiving'
Gardner, in his attempt to discriminate musical thinking, tends to avoid 
questions of operational thinking. Indeed he has attempted to quantify this 
view by experimentation (Gardner, 1973, 1982). Eleven year olds were 
compared to fourteen and nineteen year olds in their sensitivity to different 
styles of music. Gardner suggested that eleven year olds had performed 
better than older subjects since their perception was not hindered by 
analytical introspection.
While much of Gardner's experimental method has been questioned (Zenatti 
1973, Funk and Whiteside 1980), his theories in the arts/music education 
arena have been seen to complement the science-oriented theories in that they 
provide explanations in terms of perception and they are directed towards the 
learning of art and music rather than being transported from other 
disciplines.
Wolhill (1970), unlike Piaget and Bruner, was not particularly concerned with 
the process of constructing the world through mentalistic schemata. His 
premise was to assume that such schemas existed and that perceptual 
development referred to the ability to extract and organise information from 
the environment as a result of experience. Wolhill suggested that there were
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three dimensions in the transition from perception to operational thinking: 
Redundancy, Selectivity and Continuity.
Redundancy. Development is characterised by a decrease in the reliance on 
redundant stimuli. Redundancy, to Wolhill, referred to the duplication of 
information from a variety of sources. According to Wolhill the more 
developed the perception, the less the person has to rely on redundant cues 
for identification and discrimination. Wolhill suggested that the young child 
needs a greater variety of cues to maintain invariance in their perception, 
while the older person is able to discriminate and identify with far less cues. 
In music, a theme can be varied far more and still be recognisable to the 
developed listener than is possible with a younger listener.
Selectivity. Wolhill suggested that the more developed the perception is, the 
easier it is to differentiate relevant and irrelevant cues. When applied to a 
variation of a theme in music, the developed listener is able to separate out, 
and concentrate on, those cues which are invariant and ignore those cues 
which have been varied. The less experienced listener does not have this 
capacity.
Continuity. Wolhill suggests that with experience the individual is able to 
separate and deal with stimuli which are separated by space or time and to 
integrate these into an established perception of the whole. In music the 
experienced listener is able to maintain a tonal centre and can relate all 
subsequent notes to that tonal centre.
The theories of Wolhill have been both criticised and supported in the 
literature. Much of the criticism of Wolhill centres around the lack of schema
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which prefaces his theories. Davies (1978) and Neisser (1976) have suggested 
the need for a schemata so that hypothesis testing may be carried out. Both 
authors have incorporated the views of Wolhill in the development of their 
own schemata. The theories of Wolhill have likewise been supported in the 
literature both empirically (Levi 1978 cited Funk and Whiteside 1980) and for 
the lack of schemata (Funk and Whiteside 1980). These authors suggesting 
that Wolhill's theories logically extend a variety of other approaches by 
providing systems which allow the understanding of musical perception 
without being encumbered by the notion of having to develop mentalistic 
structures.
2.2.3 Holistic Models
Holistic models consider that it is misleading to decompose the material 
being learned or the learner into small subcategories. By their nature most are 
presented as non-subject-specific, indeed suggesting a linking of disciplines to 
support the whole learner. Many of the theories which fall into this group 
have their basis outside education and few have been adopted within the 
day-to-day practice of education. Emery (1980) suggested that the reason for 
the non-acceptance is that these theories 'shake the foundations' of traditional 
educational practice and that empirical studies tend to remain 'cocooned' in 
the traditional paradigms. While the theories vary widely, there is a 
commonality in the need for all learning to be related to a whole.
While most models are not subject specific, two (Werner 1961 and Terhardt 
1974 - cited in Roederer 1982) have specifically discussed the learning of 
music. For this reason this section will examine the work of Werner and 
Terhardt separately, finally making mention of all other theories collectively.
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Werner (1961) proposed music learning in terms of a hierarchy where all 
learning and perception are related to a whole. Werner suggested that as the 
individual developed they used more and more stimuli to detect sameness, 
similarity and difference. These stimuli always needed to be presented with 
respect to the whole. In applying this concept to music, Werner suggests that 
the young learner cannot recognise alteration to a theme and indeed the 
spontaneous melodies of children are not related to any specific tonal centre. 
He showed through empirical finding that the presentation of repetitions of 
tone stimuli allowed the discrimination of tone to become more precise 
(indeed to a level of .12 of a semitone) and that this in turn seemed to lead to a 
centring of tone in spontaneous melodies (Werner 1961).
Terhardt (1972 cited Roederer 1982) has suggested that long term memory in 
music is not 'point to point' mapping within the brain, but rather each point is 
mapped across the whole image allowing a large diffuse use of neurones. 
Through experimental findings which involved the removal of certain 
harmonics in the sound stimuli, Terhardt showed that recognition of sound 
was still possible. Terhardt's theory suggests that material is presented not in 
'point-to-point' fashion but such that it allows recall without full comparison. 
Roederer (1982) himself has shown that the holistic presentation suggested by 
Terhardt gave favourable results in other areas of music, such as musical 
memory, timbre recognition and imaging in composition.
When considering other holistic models in music, it is interesting to note that 
most tend to posit a loosening of the associationist stamp, stressing 
perception rather than cognition. This view is supported by research findings 
in music which refute the proposition of tabula rasa (Pribram 1982, Deutsch
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1982, Bogen and Gordon 1971, Robinson and Soloman 1974). It is also 
interesting to consider that while music education has for the most part 
adopted behavioural and developmental models as the means of teaching 
music, most have little empirical foundation to support their applicability to 
music. By comparison, the holistic models have a strong empirical basis and 
yet they have found little favour in the construction of music curricula.
2.2.4 Conclusions
Fundamental to any learning theory or model of learning is that it must be 
applicable to the learner as an individual. While the definition of the 
individual and individual differences varies from author to author, most 
would agree that, where possible, teaching strategies should be flexible 
enough to allow these differences to be catered for.
Cronbach (1967) has suggested that within any learning model there must be 
the facility for altering the instructional method, this being based on the 
learner's own responses. While the alteration of instructional method would 
seem a necessity within educational practice, the criteria for adjustment and 
the method of alteration have been questioned (Jensen, 1962; Cronbach, 1967). 
Cronbach (1967) suggested that the alteration is very often carried out on the 
basis of intuition alone. He further adds that often the only guiding evidence 
for the teacher are results from a single subject area and that these are used to 
alter presentational method in all areas of learning. Bovy (1981) in accord 
with other authors (Jensen, 1962; Stolurow, 1964; Schram, 1946; Osier and 
Fivel, 1961) has suggested that whether previous results have been 
determined through empirical data or simple observation, the correlation
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across all forms of learning or even within a single discipline are often 
inconsistent.
It would seem, then, that any method which caters for individual differences 
is itself fraught with problems. A necessary addition to any model adopted 
would be the ability to alter the method of presentation, together with a valid 
means of determining when this should occur and how it should be carried 
out.
Overwhelmingly the music education literature tends to support the 
application of the Piagetian Cognitive Model in music education. While this 
might allow music to be grouped with other academic endeavours, it also 
attempts to classify musical skills as quantitative rather than qualitative. As 
has been suggested, much of the discussion of variant and invariant, found in 
the Piagetian Cognitive Model, are not readily applicable to music and thus 
many of the criteria for the classification of the learner are likewise not 
applicable.
It is equally valid that many of the development techniques tend to be child­
centred, at least in the formative years. Nye (1983) stresses the child's natural 
inquisitiveness in advancing the Bruner discovery learning techniques within 
the music education framework, in accord with much of the literature. This 
situation unfortunately diminishes with the introduction of the 'rules' of 
music. The child's natural use of moving tonal centres, overfilled or partially 
filled bars, glissandos etc. is actively discouraged and replaced by the rules of 
western music.
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It is interesting to note that the stated aims and expected outcomes of music 
education are the development of individual responses and experimentation 
with music. Gardner (1973) argues that these expected outputs are in fact 
inputs to music education. He further adds that the introduction of rules, 
which he terms geometries, in fact erases the individual responses and 
experimentation in music rather than promote them.
So the following general outcomes are supported from the theoretical and 
empirical literature:
• much of the current practice within music education is based on 
inappropriate models and is related more to the presentation of 
language rather than the presentation of music.
• while the use of rules in language may enhance the learner's ability to 
experiment, the introduction of rules in music reduces 
experimentation.
• many of the empirical findings which raise questions as to the 
validity of the music teaching approach appear not to have been 
considered in the methods prescribed for music teaching.
2.3 Children's Approach to Musical Composition
Most authors agree that an essential component of music learning is that the 
child be encouraged to create his/her own music. Andress (1980) has shown 
that children use their own 'composed songs' in a variety of ways, often in the 
form of a jingle with rhyming chants forming the lyric. While the nature of 
these songs has been analysed, it is the process of composing that has led to a 
variety of hypotheses.
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Gardner (1982) suggests that children's songs are initially a means of 
mimicking their environment and has shown that the songs reflect melodic, 
harmonic and rhythmic patterns of the culture in which they have been 
raised. Based on the work of Wolf (1979) and McKernon (1979), Gardner 
(1982) suggests that early songs are produced serially (ie. one note at a time) 
with melodic contour being mastered at a more mature stage. In keeping with 
the mimicking of the sound environment, many songs containing fragments 
of other known songs, Gardner suggesting that the final combination is 'like 
an orchestra as it tunes up for a performance' (Gardner (1982, p 151). While 
the output of composition at various stages of learning has been examined by 
Wolf (1979), McKernon (1979) and Gardner (1982), their work does not 
readily indicate the process of composition.
Inhelder et al (1974) suggested that the modes of representation used by 
children are insights into the processes of learning. Based on the suggestions 
of Inhelder, Bamberger (1975, 1976), in two separate studies attempted to 
examine the way in which children represented rhythm and melody. In the 
first of these studies, children were asked to represent a known rhythm by 
symbols. Two stages of representation were discovered termed figural and 
formal. Figural was tune specific, while formal attempted to include both the 
rhythm of the tune and the metric beat of the piece. Bamberger (1975) showed 
that children begin by depicting rhythm in a figural way, using their own 
icons and it was only through development of the figural strategies that the 
formal strategies could be introduced and accepted.
A similar study was carried out by Bamberger (1976) to investigate the way 
children represent pitch and melody, aurally and notationally. Using a set of 
unmarked bells, each of which played a note in the C scale, Bamberger (1976)
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showed that there were three stages through which the learner progressed in 
using the bells to play a song. These stages were termed figural, transitional 
and formal. These three stages were demonstrated in the use of the bells to 
denote the first line of Twinkle Twinkle Little Star:
The figural Stage was song specific. Bells were laid out in the order of the 
tune and playing the tune simply involved sounding the bells in order left to 
right.
The transitional stage was again song specific. For the most part the bells 
were laid out as for the figural, except that the child included a movement 
right to left for one note of the song.
The formal simply placed the bells in the form of a scale and remembered 
which bells had to be played. Formal was similar to standard notation, while 
figural and transitional were song specific, they had to be re-laid for each new 
song.
Although Bamberger (1975, 1976) used known rhythm and melody her 
findings seem to support Gardner's notion that melodies are constructed 
serially, rather than by melodic contour. It is only when serial is mastered that 
contour can be introduced. Bamberger's work further suggests that an icon 
set exists within the learner. The icon set cannot readily be aligned to 
standard notation and indeed she has shown that attempts to introduce more 
formal notations actually discourage the learner. It would seem then, that the 
process of composition begins with mimicry, involves the use of serial note 
construction without consideration to standard beat or pitch and involves the 
use of the learner's own representational mechanisms. It is only by allowing
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children to use serial melody construction together with their own individual 
icons that the flow to more formal aural and notational representation can be 
achieved without any inhibitions.
2.4 Music Notation
Not only has there been criticism concerning the application of certain models 
of learning, but there has been considerable criticism levelled at the use of 
language techniques in music learning. Since the use of language techniques 
is based on the existence, in music, of both a sound and a notational 
component, it is perhaps valid to consider the nature of musical notation and 
how this relates to music education.
The purpose of musical notation is to make it possible to construct, preserve 
and communicate music and musical thought. The constructs used within 
any notation will either enhance or constrict the act of composition and thus 
will likewise extend or limit the preservation and communication of the 
composer's thoughts.
Unlike linguistic symbols, musical symbols do not unequivocally determine 
an object. Since musical symbols lack true representational power, they can, at 
best, represent only certain elemental qualities of sound. In many cases, 
however, even symbolic representation of elemental qualities is ambiguous 
requiring further symbols to make the meaning more precise. The peculiar 
complexity of musical symbolism is perhaps due largely to the fact that music 
involves many sensory modes, each, in turn, requiring its own specific cues. It 
is possible to distinguish categories of symbols in music which may be 
considered visual, perceptual, intersensory, emotional, formal or even verbal.
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The occurrence of notations, numbers, letters, finger positions, accents etc., 
adds considerable complexity to the written form of music. Indeed the need 
to add extra symbols simply to communicate precision, in itself, makes the 
music symbol system appear complex.
Among the many symbol systems used in music, notation is perhaps the most 
varied. Notation can be arbitrary, utilising shapes unique to the composer, it 
can be formal using western notation or alphabetics, or it can follow melodic 
contour. Indeed the history of notation is rich in visual alternatives. A motet 
by Schütz shows the notation tracing a baptismal basin, a chanson by Cordier 
is written in the form of a heart, while several early pieces use the sharp sign 
(#) to visually represent the crucifixion (Lippman 1966).
For the composer and more particularly the teacher the appropriateness of the 
notation to the music it represents cannot be the only criterion by which it is 
judged; its efficiency is of equal importance. Any notation used as a 
translation of auditory phenomena will have inherent weaknesses and these 
can only be evaluated by looking at the problem as a whole. Indeed 
Karkoshka (1972) suggested that there is a need to re-evaluate the symbols of 
music by working back from the sound to the symbol rather than developing 
the sound from the symbol.
For the teacher of the young child this seems quite applicable and in fact is 
supported by the theories of Bruner (1960), Werner (1961), Roederer (1982) 
and Gardner (1973,1982).
In applying the theories of Bruner (1960) to music Aronoff (1979) has 
suggested that musical expression involved imagery and movement. Indeed
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he extended the 'movement to music' concepts of Dalcroze to include the 
development of the child's own notation for music. Utilising the rationale 'so 
we can sing your new song the same way tomorrow' (Aronoff 1979, pi 34) he 
has suggested that the sound and images of the child should become the 
starting point of notational development, stressing that the child's notation 
should be applied only to the simplest musical elements - pitch, duration, 
volume.
Gifford (1985) suggested that when confronted with the question of sounds 
and symbols and their use in the teaching of music the description of the 
learner needs to be re-addressed. Chacksfield (1975) regards the learner as 
one who has, amongst other qualities, an inherent symbol system towards 
music. Indeed both Chacksfield (1975) and Schafer (1976) have suggested that 
such a symbol system does not equate up and down with raising and 
lowering of pitch. The findings of McKernon (1979) likewise raise questions 
concerning the validity of early introduction of western notational rules. Her 
findings suggest that children's spontaneous songs, the beginnings of music 
composition, are made up of glissandos, partially filled or over-filled bars, 
moving tonal centres and quarter tones. These sound patterns which tend to 
be quite common in the young child are not readily transferrable to western 
notation, suggesting that the introduction of western notation might tend to 
suppress the natural sound patterns of the child.
It is interesting to consider that while there is a call for the development of 
individual symbolising in the music education curriculum (NSW Music 
Curriculum, Gifford 1985), Brown (1978) and Paynter (1982) suggest that little 
heed is taken by the classroom teacher to this suggestion, replacing the child's 
individual notation with an enforced western alternative.
32
2.5 Software Design and Music Education
Today the use of the computer in the music classroom is becoming more and 
more commonplace. As will be seen in detail in the following chapter, 
software has been developed for both theory and practice. In a series of 
articles Stevens (1983 - 1985) and Morgan (1988) have suggested that the use 
of the computer for music instruction has gone from the simple 
microcomputer displaying notation to the use of add-on piano keyboards, 
tape recorders and simulated mixing desk facilities.
The use of the computer was originally seen as a means of offering 
'individualised instruction' to the learner. However, a brief investigation of 
the literature suggests that the term individualised instruction means many 
things to many people. For some, it involves every learner going through the 
same material, but each completing the material at their own pace. For others, 
it includes the facility for the learner to select topics which are of interest to 
them, where these are not pre-requisite to one another. For others it simply 
means that each learner has his/her own computer, while others suggest an 
individually designed set of instructions for each separate learner.
It is unfortunate that much of the software, still in use in learning, approaches 
individualised instruction as simply completing the required learning at the 
learner's own rate. The software product derived from this simplistic 
approach is usually designed in isolation from the user, designed to a model 
of the learner and becomes nothing more than a latent 'best guess' 
interchange between the designer and the user. For the learner the software is 
often inflexible in its approach and is often presented with difficult human-
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machine interfaces especially when representing musical ideas. Even with the 
added feature of learner selected topics, the software still dissects topics into 
sets of frames, these being presented in a predetermined order, the learner 
only having choice over the specific group of frames to be viewed. While it is 
obvious that fully individualised software is impractical for many learning 
endeavours, there are some compromises which should be adopted. These 
include:
Pre-Design
• the needs, goals and levels of both the subject material being 
presented and the learner to whom they are being presented must be 
fully determined prior to design and coding of the learning software 
(Chambers and Sprecher, 1983; Coldwell, 1983; Walker and Hess, 
1984).
Learner Control
• learners should be able to choose their desired topics in their own 
order (Malone, 1984; Rogers, 1988; Eraut, 1988).
• movement from one part of the program to another should be a 
simple task for the learner. This is supported by empirical studies 
carried out by Turner and Karasek, 1984)
• the rate of presentation of individual frames of information should be 
controlled by the learner. Studies (Umbers, 1979; Turner and Karasek, 
1984) suggest that the removal of user control over the rate of 
presentation substantially reduces the amount of learning that takes
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place and also promotes errors in actual keyboard usage (Reilly, 
1987).
• the learner should decide when he/she is to take the final test 
surrounding a piece of software. The software should include the 
facility to repeat a lesson or take extra material to gain practice 
Soulier, 1988).
• where appropriate, levels of difficulty should be presented and the 
choice left to the discretion of the learner. Likewise the learner should 
be able to move through a number of levels within a single 
presentation (Malone, 1984; Soulier, 1988).
Content Structure and Presentation
• when designing a set of frames, the designer should decide which of 
the frames are mandatory to the presentation of material and which 
frames just add extra information or exercises for the learner. Those 
frames which are mandatory should be presented leaving the 
optional frames to the discretion of the learner (Heckel, 1982).
• sets of frames should last no longer than 20 minutes. Studies by 
Malone (1984) and Soulier (1988) suggest that if presentations exceed 
this time limit, learning decreases significantly.
• instructions should be concise and meaningful providing no 
hindrance to the learner. MacGregor et al (1988), in accord with 
Schneidermann (1980) and Malone (1984), have shown that the
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addition of complexity of interface or instruction severely reduces the 
learning capability of the user.
• both information and question should be straight forward and in the 
learner's own natural language. This is supported by studies by 
Malone (1984) and Soulier (1988).
Screen Design
• displays should be simple, with lots of empty spaces. Reilly (1987) 
has shown that the addition of too much information in a single 
frame tends to confuse the learner and reduces the performance level 
of the learner significantly.
• information concerning the control of the program itself should not 
have to be learned by the user but should be displayed in the same 
position on the screen at all times (Sless, 1989,1990).
Handling Interactions with Learners
• the program should be 'crash proof. This includes a checking for the 
number of characters in the learner's reply, the checking for a null 
reply, the checking for unexpected characters (Soulier, 1988).
• response times for feedback must be such that the learner does not 
have to wait for indication to proceed (Cox and Walker, 1990).
• secondary instructions should always be provided as remediation, 
rather than simply repeating the original text or instruction 
(Chambers and Sprecher, 1983).
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• the learner should be provided with an easy means of exit from a 
program (Malone, 1984; MacGregor et al, 1988).
• the program should permit the learner to make corrections where 
possible before the computer actually replies. If an error is detected 
by the program and a new response is required, the response should 
only be to the part of the answer which is incorrect, those parts of the 
answer which are correct should be retained by the program (Soulier, 
1988).
• where applicable, hints and help messages should be provided to the 
learner (Reilly, 1987).
Many of the learning models adopted in music education are based on 
theories whose basis is quantitative rather than qualitative. The adoption of 
these models is often done with the belief that language and music are 
synonymous and most learning models do not include or make reference to 
any empirical findings. Music software developed for the young child has, in 
most cases, carried on this tradition (examples being Four Part Harmony 
Writer - Jones et al 1980, The Dictator Series - Williams and Shrader 1980). 
Most music software tends to impose musical notation rather than derive it 
from the learner. Not only is the child's notation replaced, but many 
characteristics of children's spontaneous songs (glissandos, moving tonal 
centres, partially filled or over filled bars) are refuted by the software as 
incorrect. While it may be argued that the use of such software allows the 
individual to experiment with sound, it would seem that the design of this 
software is biased towards the musically literate. Morgan (1988) in a
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description of several microcomputer based packages indicated that for the 
naive music learner, any experimentation must be prefaced by an elimination 
of inherent sound and symbol systems and a mastering of western music 
sound and notational systems. Such software would seem to be at odds with 
both the music curriculum and the aims of music education and many of the 
music learning theories.
For music compositional software to be applicable to the young learner, it 
would seem that it must not only conform to the general inclusions listed 
above for learning software, but the following must be added:
• the software should be based on theory which stresses the qualitative 
rather than quantitative aspects of music. The theory should be 
developed from a music learning perspective and should address the 
aims and expected outcomes of music education. The theory should 
likewise draw a distinction between language learning and music 
learning. The theory must provide a firm foundation upon which 
empirical studies can be carried out and must be able to incorporate 
these findings back into day to day practice (as recommended by 
Funk and Whiteside, 1980).
• the software must be designed upon the assumption that the child is 
an accomplished artist in that they come with an already established 
sound and symbol vocabulary. The software must avoid the rules of 
western music and the notation of western music and allow the 
learner to apply their own sound and notational systems to depict the 
compositions being constructed. This is in accord with the 
recommendations of Karkoshka (1972).
• In using the child's own sound and notational vocabulary, the system 
must be able to gain these from the learner, retain them for future use 
and be able to modify them to suit the learner (MacGregor and 
Hasan, 1990).
• the software must not bias towards the musically literate but must 
allow the musically literate to use either their own notation and 
sound or those of western music, this being based on the 
recommendation of Lamb (1986).
• Based on the findings of McKernon (1979) who showed that most 
children's spontaneous songs used only a single octave pitch range, 
varied note duration from semiquaver to minim, and volume from 
pianissimo to fortissimo, the software likewise should regard these 
ranges as minimum for composition. The use of glissandos, moving 
tonal centres, partially filled or over filled bars must be allowable.
This chapter, by no means an exhaustive discussion of music learning, has 
indicated that many of the adopted approaches to music education software 
fail to cater to the young learner. If software is to be developed such that it 
allows the individual learner to experiment with music in his or her own way, 
then designers of such software need to address the sound and the notational 
characteristics of the young child's spontaneous songs. Much of the current 
software fails to recognise recent findings concerning children's notational 
systems, opting instead for the classical western music approach to sound 
and notation. The continued use of such techniques means that the learner
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must abandon his/her own approach to music and learn a sophisticated set of 
notational and sound rules such that composition might be achieved.
Chapter 3
Music Compositional Software
In the preceding chapter it was suggested that many of the practices used in 
music education have been derived from other disciplines and are 
inappropriate to the learning of music. The use of computers within the 
practice of music education has in many cases carried on the tradition. Much 
of the available software, while allowing learning or experimentation to take 
place, is based on western music tradition, forcing the learner to abandon the 
use of their own sound and notational systems and replacing these with the 
software's built in rules.
This chapter will briefly survey the use of computers in primary school music 
education, ultimately focussing on music composition, and hence will 
provide direction for software alternatives. While the focus of this study is 
music composition and the way music is represented in music compositional 
software, it is appropriate to consider the representation of music in other 
types of music software. Thus while the first part of this chapter deals with 
music software whose primary aim is the instruction of music theory and 
technique, emphasis will be given to music representation rather than 
instructional strategies. It should be noted that other music composition 
software which is aimed at professional composers or is the subject of 
research into musical synthesis has been omitted from this review.
The checklist developed in the preceding chapter will be used as the basis of 
the evaluation of music software.
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3.1 Software in Music Education
Lamb (1986) suggests that in an effort to present a more logical curriculum, 
many skills, deemed necessary for complete music competence, have been 
divided up and presented as separate entities. He further adds that most of 
the software presentations have followed the same pattern. While Lamb is 
critical of this divisive approach to the design of software, suggesting music 
should be approached in a more holistic manner, the existing divisions 
provide a simple way of describing current software and as such will be used 
for that purpose in this chapter. Thus software will be discussed under the 
heading describing its major use in the classroom.
3.2 Aural Training
For the most part, aural training, utilising a computer, is a drill and practice 
operation, which allows a student to consolidate their knowledge and skills 
by testing themselves on a variety of musical-aural requirements - rhythm, 
triads, intervals etc. The standard method is to play a note or set of notes, for 
example a major triad in root position, and, via a menu, ask the student to 
give the correct definition of the sound heard.
Recent advances in microelectronic techniques, together with advances in 
computer application methods, have allowed the drill and practice program 
to take on a more diagnostic approach. This inclusion of a diagnostic 
component means that specific remediation in the form of extra computer 
sessions can be given by the aural training software, this remediation based 
on the student's actual responses to the software.
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Some of the notable software developments are described in the following 
sections.
3.2.1 Ear Training
This package was developed by Killam and Lorton (1974). The package 
consisted of a number of strands:
Intervals This consisted of two segments, the first being a simple interval drill 
and practice segment, the second allowing the program to randomly generate 
the interval, together with the mode of presentation (ascending, descending 
or simultaneous), requiring the student to indicate the pitches which made up 
the interval.
Triad Strand This strand enabled the drill and practice on major, minor, 
augmented and diminished triads in root position, 1st position and 2nd 
position. The triads were presented in closed and open harmony position.
Melody Strand This again contained two segments, the first utilising solfage 
symbols, the second utilising notes. Students were played a melody and had 
to type in the matching pitch names (including flats and sharps). This 
program randomly transposed the examples such that various keys were 
employed.
Chord Strand This strand graduated from simple tonic and dominant chords 
through cadences, inversions and minor key chord progressions. This 
particular strand also had the ability for modification prior to the response 
being evaluated.
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This system was well received by students tested by Killam and Lorton 
(1974). As suggested, this package is based on the behavioural approaches to 
music education. The software is entirely 'teacher directed' in that the learner 
simply receives information and questions which are determined by the 
software. Such a design does not consider the state of the learner prior to the 
use of the software nor does it include any variation in approach from learner 
to learner.
While the software has been shown to be useful for students who are 
motivated to master certain aural skills at a tertiary level, the use with 
younger children is inappropriate since it requires a background both of 
musical knowledge and standard musical notation and it fails to consider 
differing learner approaches to aural music learning.
3.2.2 GUIDO
GUIDO was first introduced at the University of Delaware in 1974 (see 
Hofstetter 1980). It allows a student to choose from several strands including 
harmony, rhythm, pitch. The system not only provides information and 
testing but keeps track of learner results across several sessions of use. 
GUIDO normally allows free choice of which strand and which level is 
required by the student, however the facility can be modified such that a 
specific order of lessons and strands can be enforced by the teacher or 
researcher.
Research using GUIDO (Hofstetter 1978) indicated that while the software 
was generally well received and easy to use, the course work utilised by
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GUIDO did have some failings, notably the failure of students to grasp 
certain inversion types with chords having the same bass line. GUIDO 
requires a knowledge of standard musical notation, thus its use by the naive 
learner is limited.
3.2.3 Aural Training Software
Aural Training was first introduced at the University of Canterbury, New 
Zealand (Lamb and Bates 1978). It employed a Tandy TRS 80 with an 
electronic organ attached. The system, while primarily drill and practice, did 
provide the beginnings of an expert system in that it chose 'suitable* lessons 
based on preconceived strengths and weaknesses of the student.
The system had several significant drawbacks:
• the sound of the organ itself created student dissatisfaction. This was 
rectified by the use of sound envelope software.
• the keyboard was not programmed for variable touch, thus rhythm 
testing was inconclusive.
3.2.4 The Dictator Series
The Dictator Series was written for the Apple He by David Williams and 
David Shrader, University of Illinois (see Hofstetter 1980). The system was 
presented in game format. The system uses a random generator which 
provides a pattern of notes to which the student must respond. The system 
covered drill and practice on rhythm, melody and harmony. The system 
contained levels of difficulty through which the student progressed if 
responses were correct. If responses were incorrect, the system automatically 
reduced the level and presented material at the new lower level. Although the
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system used a game format as its mode of presentation, the use of standard 
notation meant that it was unsuitable for the learner who had not mastered 
those skills.
3.2.5 Music Tutor
Music Tutor was designed by Charles Boody in 1982 and is based on a drill 
and practice design. The system is designed around an Apple lie where the 
keyboard is redefined as a music keyboard.
Music Tutor provides drill and practice on chords, intervals and melody 
utilising a random generation technique, this being adjustable to cater for 
'user parameters' such as level of proficiency and speed of response. Student 
records were also kept by the software.
3.2.6 Music Theory (MECC)
The Music Theory (MECC) system is designed for both the Atari and the 
Apple computers and is a drill and practice system allowing aural and/or 
visual stimuli with instant feedback (Lamb 1986). The system is not as 
comprehensive as the examples for the Apple He above, in that it does not 
keep records of students.
The system does have certain features which are not available in the other 
systems in that it gives the student the option to receive harmony and interval 
tests either as low-to-high notes or high-to-low notes. Like the Dictator Series, 
Music Theory (MECC) uses standard notation, making it unsuitable for the 
musically naive learner.
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3.2.7 Aural Skills Trainer
Aural Skills Trainer was designed by Vincent Oddo at the North East 
University in Chicago to improve students ability with intervals, basic chords 
and seventh chords (Keith 1984). The package runs on IBM PC, Apple lie or 
Commodore 64 and includes student records, diagnostic information and 
reporting facilities. Like MECC, this software uses standard musical notation, 
making it unsuitable for the musically naive learner.
3.2.8 Interval Drillmaster
This package was designed by Gerald Chastain for the Apple II 
microcomputer. The package has 22 levels of interval exercises and allowed 
the student the option of either assisted drill or timed test (Keith 1984).
The system, although strictly on one facet of music, is a vast improvement on 
previous software in that it allowed students to analyse their weaknesses, 
provided help in correcting these weaknesses and indicated all errors made in 
a particular exercise, both visually and aurally. While only assisted drill 
component gives the feedback, both options allow a full summary of errors 
made.
Extensive testing of many of the features included in Interval Drillmaster 
indicate that the self pacing and flexible feedback facility greatly adds to the 
learning potential of the student (Bullough and Beatty 1987).
3.2.9 Conclusion
While the newer microcomputer based aural trainers do have a number of 
added features, ostensibly they have been designed with the subject material
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being of prime importance. The design most naturally fits the behavioural 
model in that they are machine directed and measure performance against a 
predetermined set of criteria.
As has been suggested in the previous chapter this type of software design 
has tended to ignore many of the empirical findings in music teaching and 
tends to approach music learning in much the same way other subject 
learning would be approached. Many of the suggested inclusions of music 
learning software are notably absent in the presentation of this software, most 
notably the control of the learning by the learner. Much of the software does 
not present alternate remediation, relying instead on simply repeating 
information or questions. Added to this is the use of a predetermined 
sequence of learning, rather than letting the learner decide on the approach 
and sequence.
While it may be argued that such software does require a background in 
music and is directed at an audience with a recognised expertise, it is 
unfortunate that the design strategies adopted do not include the facility for 
the learner to experiment with harmony, chords etc. The learner cannot use 
the experiments to learn the rules surrounding harmony, rhythm etc., but 
rather the learner is presented with the theory and must remain within the 
confines of that accepted theory.
3.3 Computer-Aided Instruction for Musical Performance
Computer-aided instruction for musical performance can be divided into two 
types:
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• drill and practice without a musical instrument
• the use of a musical keyboard which is connected to a computer
3.3.1 Drill and Practice without a Musical Instrument
This type of software tends to be restricted to the ’do's and don'ts' of playing 
an instrument. The subjects presented include posture, finger positions and 
basic position of notes on the instruments. The systems often are used in 
conjunction with video tapes, the software simply quizzing the student on the 
information presented in the video tapes. Much of this software pre-dated the 
microcomputer and no real advancement in techniques has occurred with its 
use. Briefly the most notable software has been:
• The development of software in 1971 by Ned Diehl which displayed 
musical notation, played pre-recorded music and asked questions 
pertaining to phrasing, articulation and rhythm. While results were 
encouraging, the lack of ’hands on' facilities for performance students 
meant that the use of such software was limited.
• The development, by David Peters in 1975, of an instrumental 
learning system for wind and percussion instruments. The system 
utilised the existing PLATO software and incorporated touch 
sensitive screens, random access audio player and graphics and 
taught posture and basics of both percussion and wind instruments. •
• The development at the University of Florida of software which gave 
the basics of piano to students. The system gave instruction through
video, including posture, fingering and piano keys, and quizzed the 
learner on the material through a series of computer-based exercises.
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3.3.2 The Use of a Musical Keyboard connected to a Computer
The use of musical keyboards connected to the computer has basically been a 
'spin off of real time synthesizer techniques, where touch sensitivity was built 
into the piano keys. This was first utilised purely for sound production. With 
the addition of a record keeping facility and response analysis, feedback 
altered from purely sound to a combination of sound and visual indication of 
correctness or incorrectness and latterly advice for improvement.
Notable examples of the use of the musical keyboard combined with the 
computer and used for performance evaluation are:
The University of Waterloo was one of the first to recognise the possibility of 
using a computer for some of the duties previously assigned to the classroom 
teacher. Steele and Wills (1981) used a TRS 80 which was connected to a 16 
channel oscillator and piano keyboard and showed that keyboard activity 
could be recorded and reported upon to the player. With this system inter­
note gaps, duration and velocity could be calculated and the results of a 
'performance' could be fed back to the player, such that any rhythm 
inaccuracy, incorrect note retention or uneveness was immediately obvious.
Although the system was well received by both teachers and students, several 
problems became apparent :
lack of user controlled tolerance to deviation
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• inability to control or suggest new fingering for difficult passages, 
mainly due to the finger spans of users remaining an unknown to the 
system
• lack of editing in the original 'correct' method of play
3.3.3 Perform
The Perform software acts like a ’magnifying glass’ allowing performers to 
review, in detail, their ability in performing specific pieces of music. A piece 
of music is played into the computer via a standard piano keyboard and each 
part of the performance can be shown on the screen in 'block' or rectangular 
notation. This notation gives duration and pitch allowing the performer to 
examine gaps in the playing or areas where certain notes are held too long. 
Lamb (1986) has shown the use of block notation, combined with the ability to 
slow down the playback, useful in allowing the student ready feedback in the 
performance of difficult pieces.
3.3.4 Conclusion
The use of the musical keyboard connected to the computer has allowed the 
software to become more suitable for learner initiated experimentation. While 
the major use of the software has been to detect flaws in performance, the use 
of alternative playback speeds allows the learner to control both the input and 
the output of the software.
For the naive learner the obvious drawbacks of the software are the need for 
proficiency at the keyboard and the enforced standards of sound and
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notation. While the use of the 'block' notation is a move away from the 
standard western notation, it really is in principle little more than a removal 
of the shape of the note, with all other western musical symbology still in 
place.
3.4 Computer-Aided Music Theory Instruction
The use of the computer to teach music theory is for the most part presented 
in the form of drill and practice. Much of the early software design used 
existing techniques or packages and adapted them to suit the presentation of 
the music theory. These include the use of PLATO for rhythm fundamentals 
(Placek 1974), the use of PLATO for jazz techniques (Placek 1980) and the use 
of GUIDO for harmonic dictation (Hofstetter 1978). More recent software has 
been adapted specifically for the teaching of music and it is this software 
which will be discussed in the following sections.
3.4.1 Four Part Harmony Writing
This software, developed by Jones et al (1980), was developed to allow 
students to undertake exercises in the writing of four part harmonies, such 
that they could later write 'more creative harmonies'. The system used an 
Apple lie and actually calculated correct harmonies and then compared these 
to the student effort. By converting the student input to positions on a matrix 
and then comparing the computer's calculated matrix positions, levels of 
correctness were achievable.
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Tests have shown that the software improved the learning of four part 
harmony writing both from the drill and practice perspective and through 
using the software with harmonies written by composers such as Bach.
3.4.2 MECC
The Minnesota Education Computing Consortium released, in 1983, several 
systems for the Apple He and the TRS 80. Most notable of these are Music 
Theory and Elements of Music.
Music Theory provides exercises in aural intervals, counting, enharmonics, 
note naming and key signatures utilising the sound and graphic capabilities 
of the Apple He and the TRS 80.
Elements of Music was written by Eddins and Weiss and is a smaller version 
of Music Theory. The areas covered by this software are pitch names, key 
signatures and the piano keyboard. These are presented in a drill and practice 
format.
3.4.3 Conclusion
Much of the software presented tends to be designed with the material being 
presented having prime importance. The design strategies, for the most part, 
are based on behavioural approaches in that they are machine directed and 
measure performance through predetermined criteria.
An examination of the software inclusions suggested in the previous chapter 
would suggest that much of the software design has not addressed the needs 
of the learner. Much of the software requires a basic knowledge of music and
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is thus inapplicable to the naive learner. Added to this is the notion that many 
of the design options seem to have been borrowed from other disciplines, 
notably mathematics (seen in the methods of testing the measurable aspects 
of music) and language (seen in the sequence strategies adopted for 
information presentation).
Given that the software has obviously been designed to teach and test the 
learner's knowledge of western music tradition and theory, there is a strong 
bias towards the measurable aspects of music almost to the exclusion of the 
qualitative aspects of music.
The lack of learner control, learner experimentation and provision for learner 
sound and notational alternatives has likewise diminished the creative 
possibilities available to the user. Lamb (1986) suggests that the exclusive use 
of this style of software tends to put creativity as the 'icing on the cake', where 
it should in fact be an 'essential part of the base' (Lamb 1986, ppl5). While 
praising the extensive feedback much of the above software provides the 
learner, Lamb suggests that its use must be in relation to the whole of music 
and that a firm creative base must be established first. As such the following 
section will briefly survey the use of the computer in the creative expression 
of music.
3.5 Music Composition
While computers have been used for music composition since the 1950s (see 
Hiller and Baker 1962, Laske 1975, Smoliar and Willson 1974, Winograd 1972, 
Clough 1969, Truax 1973, Howe 1975), it was only in the late 1970s that the 
educational possibilities of computers being used for music composition
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appeared in the literature (see Nelson 1977, Silverston and White 1975, 
Beckwith 1975, Bales et al 1978, Hofstetter 1976). The following discussion 
will be confined to the music composition software available for the 
microcomputer as it allows individual interaction with the material.
3.5.1 AlphaSyntauri
The alphaSyntauri (see Jigour 1983) consists of a microcomputer plus a piano 
keyboard. The system allows for the entry of melodies through the piano 
keyboard and the ability to add, change, delete or orchestrate any part of the 
melody. The alphaSyntauri comes with the facility to record a composition, to 
transpose the final composition or to change the speed of the final 
composition. All notation is displayed in two clefs (treble and bass) with 
matching alphabetic displays of note names. The alphaSyntauri can be used 
with joysticks or standard computer keyboard.
While the alphaSyntauri allows individual composition and the ability to 
change the composition, for the young musically-naive composer, there are a 
number of drawbacks:
• the display of notes is strictly within the rules of western music, thus 
the use of overfilled or partially filled bars and glissandos is not 
supported by the software. Likewise the notation is strictly in accord 
with western music tradition. •
• the entry of music into the alphasyntauri is via a piano keyboard, 
demanding a certain familiarity and competence with piano.
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• a number of the screen displays require a reasonable competence 
with the English language and some knowledge of technical jargon. 
Words such as metronome, transpose together with metre counts and 
key signatures all require a reasonable command of both English and 
music.
3.5.2 BBC Hybrid Music System
The BBC Hybrid Music System (see Morgan 1988) consists of a BBC 
microcomputer, 8 track tape recorder, four octave synthesizer and amplifier. 
The system allows the learner to play a piece, choose the instrumentation and 
record the piece on one of the 8 tracks available. For the musically literate the 
system is far more advanced than most of the microcomputer based systems 
available, allowing full recording studio techniques through the computer 
screen. Some considerable thought has gone into the design of the system 
including a 32 tone scale system allowing for quarter tones and a language 
which puts most musical terms and notation into more English-like 
terminology.
For the naive learner there are a number of obvious drawbacks:
• although the system comes with a simplified notation system, this is 
still based around the western tradition and simply replaces notes 
with explanation. •
• there is a need to be familiar with studio techniques and jargon to 
make full use of the system, this in itself requires a certain 
sophistication with English.
• there is a need to have a certain proficiency with the piano to fully 
utilise the data entry provided by the system.
3.5 3 Atari 1040ST
The Atari 1040ST, using Master Traks Pro, (see Morgan 1988) consists of a 
microcomputer and 5 octave MIDI keyboard which is able to record 24 tracks 
of music. The computer component is driven by a mouse, while the data entry 
is via the piano keyboard. The system, while not having the note 
discrimination of the BBC equivalent is very similar in function to that 
machine. As with the BBC system a number of drawbacks become apparent 
when discussing the musically naive learner:
• the screen display is even more sophisticated than the BBC and in 
fact has so many facilities that the combination of these facilities can 
be confusing even for an advanced musician.
• there is a need to have knowledge and skill with the piano to fully 
utilise the system.
• the system really requires the aid of a teacher to make full use of the 
facilities offered.
• the system has been shown to be less than reliable, often crashing in 
the middle of a performance or composition. •
• the system is based around western music sound and notation rules.
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3.5.4 Music LOGO
Music LOGO (Bamberger 1973) allows the learner to enter notes through a 
standard typewriter keyboard and modify them using the programming 
language LOGO. Notes can be juxtaposed, duration can be varied, the pitch of 
the note can be altered. A number of drawbacks become apparent when 
discussing the musically naive learner:
• all music is entered from the standard keyboard in the form of letters, 
these being based on western music tradition.
• all manipulation is carried out using the programming language 
LOGO, requiring a sophisticated knowledge of the language in order 
to carry out many of the available facilities with the system (Lamb 
1986)
• Tests carried out by Lamb (1986) indicate that the system tends to 
'induce' typing errors. Lamb suggests that many of these seem to be 
the result of the programming style interface and the need for 
reasonably sophisticated musical knowledge.
• all dialogue is text based, requiring a reasonable command of 
English.
3.5.5 Melody Manipulations
Melody manipulations (Kuzmich and Lamb 1986) assumes a familiarity with 
standard notation. Although the program appears to allow the learner
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complete freedom in the composition of music, it actually enforces a 
framework onto the learner. In some respects the framework, by removing 
the more confusing aspects of music, such as complex harmonisation, is 
useful to the learner, however, many of the sound systems used by the young 
learner are not supported. The program uses simplistic notation together with 
the music staff as its basis. Notes are limited to the D minor pentatonic scale 
(all white notes), duration is limited to minims, crotchets and quavers and 
transposition can only be carried out by raising a second or a fifth. Music is 
entered via a touch sensitive tablet, avoiding the errors that occur with typing 
or piano keyboard entry.
The learner, on first using the program is introduced to the notes which can 
be used. A one octave keyboard, together with the notation on the staff are 
displayed and a familiar tune, using the pentatonic minor scale is played with 
the notes being displayed as they are sounded. Following the explanation, the 
learner can explore the sound possibilities of the pentatonic scale. As each 
note is played, the graphics equivalent is displayed. While Melody 
Manipulations requires no previous music theory or programming skill, 
Lamb (1986) suggests that the design of the program fails to use the computer 
as it should be used. Lamb suggests that:
the use of the computer should reverse the order in which students 
are exposed to musical concepts and technical skill' (Lamb 1986, pp 
15)
where in fact programs such as Melody Manipulations still impose certain 
rules and restrictions onto the learner.
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3.5.6 Musicland
Musicland (Lamb 1982) is an extension of Melody Manipulations in that 
traditional bar lengths and traditional notation is not required. Using 
techniques developed by Baecker (1979) music is entered by drawing a 
contour line across a traditional staff which is displayed on the screen. The 
contour line then 'crystalises' into blocks at various points on the staff. These 
blocks are then played by the computer. The learner then has the ability to 
stretch or squeeze the blocks horizontally to change the duration, or to move 
the blocks vertically to change pitch. Timbre is added by the use of colour, 
each colour having a specific timbre. Harmonics of each note can then be 
added by pushing and pulling the actual wave shape.
Lamb (1986) has suggested that the freedom allowed within the Musicland 
package together with use of contours, colour and wave manipulation, allows 
the learner to design a piece from the inside out giving a better understanding 
of musical structure.
3.5.7 MMI Music Composer
The MMI Music Composer (Yavelow 1985) composes in four voices, allows 
timbres to be developed, through Fourier transforms and allows the user to 
shape and construct the sound envelope using 3 dimensional graphics. For 
the musically literate learner the system has proven an ideal learning tool, 
specifically in the study of timbre and acoustics. For the naive learner the 
system has a number of drawbacks:
the system is based around western music sound and notation rules.
the level of English provided in the screen prompts, together with the 




The MusicWorks software (Keith 1984, Yavelow 1985) has all the features of 
the MMI system, with one notable feature, it allows the composer to place in 
notes and durations in the form of rectangular blocks against the piano keys 
required. This has proved useful to both composer and student in that it saves 
the often arduous task of translation from piano to score, this being 
accomplished by the software in four part notation. Like the MMI system 
MusicWorks has a number of drawbacks when the naive learner is 
considered. These are:
• although the system uses rectangular block in its notation, it is, for all 
intents and purposes based around western music sound and 
notation rules.
• a number of the screen displays require a reasonable competence 
with the English language and some knowledge of technical jargon.
3.5.9 Concertware
Concertware consists of three integrated music utilities, Music Player, Music 
Writer and Instrument Maker. These will be discussed separately.
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3.5.9.1 Music Player
Music Player is a file of pre-recorded musical selections. The user has control 
over order of presentation, tempo and instrument but has no control over the 
volume. Bernardo (1986) suggests that while the sound quality is more than 
acceptable, the screen display (dots and dashes) which accompanies each 
piece becomes annoying to the user since there is no clear way of relating the 
dots and dashes to the music being heard.
3.5.9.2 Music Writer
Music Writer includes all the facilities of notation and sound in traditional 
western music. All keys, pitches, durations and accidentals are supported, 
together with the full 88 note range of the piano. The package comes with a 
self correcting duration function such that all bars are in accord with 
traditional music standards. A number of criticism have been levelled at the 
package by Bernardo (1986), most notably in the playback where note display 
does not appear as the sound is played back.
3.5.9.3 Instrument Maker
Instrument maker allows the construction of wave envelopes, harmonic 
overtones and vibrato through the use of a mouse drawing facility. The 
production of envelopes can be carried out without the aid of numeric 
calculations by simply redrawing sections with the mouse.
3.5.9.4 Discussion of Concertware
The features of concertware, while applicable to the musically literate learner, 
are not applicable to the naive learner. To successfully use the package, the
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learner must be familiar with the concepts of traditional music sound 
production and notational principles. The package does not support the use 
of glissandos, over-filled or partially filled bars, requiring the learner to 
abandon these concepts and learn alternatives. While the use of the 
Instrument Maker facility is an interesting facility for the musically literate 
composer, the use of this facility requires a knowledge of wave shape and the 
effect of altering waves in certain ways.
3.6 Conclusion
With the exception of the Musicland package, compositional software still 
seems to have been designed more for the musically literate than the naive 
learner. While it is true that all compositional software does allow learner 
controlled experimentation with sound, most packages are still aligned to the 
conventions of western music, both in supported sound and notation. If, as 
suggested in the previous chapter, the young naive music learner uses non­
standard sound and denotes this with non-standard notation, the 
compositional software available to him actually restricts rather than 
encourages individual experimentation and thus limits creativity.
From the software presented above it would seem that this ability of the 
young learner to ascribe symbols to sound is largely ignored in favour of the 
more traditional stance. While obviously varying from package to package, 
music compositional software still tends to begin with some prescription of 
symbols, automatically adding the 'geometric' into the compositional 
endeavour. Pribram (1976) has shown that the processing of musical symbols 
and the processing of concepts induced by musical symbols requires 
strategies not often in evidence and not easily mastered by the young learner.
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Musicland appears to be far more flexible than the other software 
investigated in that the learner can simply move the cursor across the screen 
to indicate the desired melodic contour of the composition. While this 
minimises the need to learn western notation and sound conventions, it 
presupposes that the child is familiar with the concept of melodic contour. 
Recent findings, detailed in the previous chapter, would indicate that melodic 
contour does not seem to be inherently obvious to the young learner. If 
melodic contour is not obvious to the young learner, then the principles upon 
which Musicland has based its flexibility are incorrect.
It would seem, then, that to fully utilise the child's own sound and notational 
system, software must not enforce the traditional systems but must gain the 
notation from the child and allow the child to use this notation in subsequent 
compositions. The software must allow the learner to have complete control 
over the compositional effort including the ability to edit and playback part or 
all of the final piece. As such software should contain four separate but 
integrated components:
• an initial component for the gaining of the notation
• a composition component
• a playback component
• an edit component
These are shown in figure 3.1.
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General Design for Music Software
Figure 3.1
Based on this design, certain functions should be incorporated into the 
software. These functions have been gathered both from the literature and the 
design of existing software. These functions include:
• with the exception of the initial gaining of the notation, the learner 
must be able to move from one section to another with the 
composition being saved and available for further composition, 
editing or playing back. These functions exist in packages such as 
Musicland and Melody Manipulations and are suggested in the 
literature (see Malone 1984, Sless 1989, MacGregor and Hasan 1990) •
• the learner must be able to add, change or delete any part of the 
composition. This facility exists with all compositional software 
(Lamb 1986).
• a menu of the learner's own symbols must be constantly displayed 
on the screen such that these can be chosen and used with ease by the 
learner. Again this function, albeit traditional symbols, appears in all 
compositional software (Bamberger 1975,1976).
• In noting the criticism of Concertware by Bernardo (1986), vis., the 
non-appearance of symbols in the playing of the sound, each new 
sound within the composition must be accompanied by a matching 
symbol.
• the learner must have complete control over the playback of the 
composition, including the amount to be played back and the ability 
to start and stop the playback (lamb 1986).
• the software should support the learner's own sound vocabulary, 
including partially-filled or over-filled bars and glissandos 
(McKernon 1979).
• the learner must be able to immediately correct any errors made in 
the composition without having to move to the edit function (Lamb 
1986).
If the software is to use the learner's own notation, it is necessary to determine 
if the notation is based on pitch, duration or volume, or indeed melodic 
contour. Once the basis for notation has been determined it is necessary to 
investigate how the other components of music relate to this basis such that 
adequate facilities can be designed into the software.
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Thus a number of questions need to be addressed:
• Is there a 'universal* notation system as suggested by Nattiez (1977) 
and if so what is the basis for this notation?
• Is notation based on pitch, volume, duration or melodic contour?
• Given a basis for notation is able to be identified, how does the 
notation depict the other components of music?
• If the notation is not universal, do factors such as musical knowledge, 
age, sex, culture affect the notation?
Chapter 4
Method
The purpose of the present study was to examine the nature of the notational 
systems used by primary school aged children to denote music. In doing so 
several questions needed to be addressed in this investigation. These were:
1. Were children's notational systems based on the pitch of the note, the 
duration of the note or the volume of the note?
2. Did children's notational systems follow melodic contour?
3. Having determined which component (pitch, duration or volume) 
was the basis for a child's music notation system, how did the child 
indicate modification in the other two components?
4. Did age, sex, musical literacy or cultural background bias the child's 
notational system?
4.1 Subjects
Subjects were chosen from 16 classes in two primary schools in the suburbs of 
Wollongong. The schools were selected as representing middle socio­
economic areas with a broad ethnic distribution. Both schools were in the 
state school system. Classes chosen in each school were kindergarten, 2nd 
class, 4th class and 6th class as it was felt that this sample gave an adequate 
range of all ages within the infants/primary realm. Where composite classes
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existed, only those children who would normally be in kindergarten, 2nd, 4th 
or 6th were included in the sample.
Information on the child’s age (taken in whole years at 1st September 1985), 
sex, learning/not learning a musical instrument, place of birth, place of birth 
of parents was gathered from records provided by the schools.
There were 179 children included in the study. The following is a dissection 







learning an instrument 94
not learning an instrument 85
child bom overseas 10
child bom in Australia 169
one parent born overseas 32
both parents born overseas 38
both parents born Australia 109
4.2 Materials
In order to determine whether children denote music via their own notation 
and how this notation worked, it was necessary to establish if the notation 
was pitch-based, volume-based or duration-based It was also necessary to 
determine if the notation followed melodic contour. As such, a tape of 15 
short pieces of music was prepared, each piece was played on the piano. Each
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piece ranged in duration from 3 - 1 5  seconds. Five pieces were designed to 
allow the pitch to vary, but the volume and duration of each note to remain 
constant. Four pieces kept duration and pitch constant and varied the volume 
only, while six pieces kept volume and pitch constant and varied the 
duration. On the advice of the pianist, Professor E. Cowie, thirteen pieces of 
music were added. These again all ranged in total duration from 3 - 1 5  
seconds. Four of these additional pieces were simply a single chord, the other 
nine pieces were designed by Professor Cowie as an attempt to depict a 
specific mood or visual image. These last nine pieces have been categorised 
under the heading of gesture. A table of the pieces, their intention and score 
has been provided (see table 4.1). The order shown in table 4.1 is the order the 
pieces were placed onto the tape.
Table 4.1 Musical pieces used in the study
Sound 1—Single line melody diatonic
p E
r if  I  I
Sound 2 —Single line melody chromatic
p ii É É  J -if -J J  I i pj j  j f i lJ
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Sound 3 —Double line 2 part invention simple
H -  '
£  -} r r • J
—e--------------------
..  1 -  1
•—P..« = p = ~ =E===f
= *= t
ÿ  ? r r
£  ? , = _ f l_____-y--------
U - .......r  r 1
_U1 .
? =  —  -  
L f —  r -  ■■J  ■
i----------- r.J J —c—
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Sound 5 —Multiple lines
„  l - j
E _______ _____________i- _____________ - Nc _______ L _■ u a'  1 .._______k___ *  J 1 ' ■[ A ____ , ____»  ~ i , "
W  1 t ' a _______ , a  ■------------- »P i- ' '-m i
y-jfl--£-fUf--*=■--■- £ ,I>J--- \rm— I J ... ,1--fb-- ¡“1--_Li__LI_1 rK ■ 1 * ■ - m H *■ 1, mmw P ■PI ■ « n 'i'l i np  r t * i= t -J- b J-
1 i--- ji " l. ■i / 1 i\ ■ _____£_
A **- P  ̂ T ■_________‘F  ttJ ______ tu » h«y ir------&• c ■ 8® ft" ■ i H"-----■----c---■---- ■ ■ Lr«---- c. -  *— ■ □ t — ■ -------■— ■— a. • • h1, * ■■---- 1— 1----- r  ■ I ■
p  J -J- -J- I- *  -3 1 y  -3
1 —r:-------------------■--------------- ■ * ____ ([ lL__pi_______ f._■ . f - -- ■ ------- £--------- £---- ------------- £----
à f jhVn m-fc= "Ï 't f—[I f  AB___ m .r g p=̂a
1‘r ■-=
= 11 k r r 4----- 1
Sound 6 —Simple Chord closed
71
Sound 7 —Simple Chord open
Sound 8 —Complex Chord closed
Sound 9 —Complex Chord open
z§±
TTS* tt
Sound 10 —Simple Durational change
-fl— — 1----------- h — 1----------- 1-------------- H ----------- ------- r i ------------>---------->------------n■Jr-------*  ■-------- ------------H--------1----------- 1-------------- i ■ J  J______ _J ----------- <*----------€■-------------
rh a -------------- d-s------- ■  "~ d --------- w ------------- __■_____ ■_____9 ____ 9 _____ 9 _______
Sound 11 —Simple Durational change in 3/4
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Sound 12 Simple Duple Rhythm with durational change
Sound 13 —Complex Duple Rhythm with durational changes
j J~J J~3 J I J~3 J~1 I J~] J J~~3 i J~3 J :||
Sound 14 —Simple Non Symmetrical Rhythm with durational changes
j  J- ? ^J~3 I J~] f- j- I J. t J""] i J. i J
Sound 15 —Complex non-symetrical rhythm with durational change
3
iü ■  ■  ■  * J J~] I JT J J~] J J J J J I
j . ...j S i f
Sound 16 —ppp to p
ifcs J J = j  — iyy 4 j ------------- --------
* /Ww ------------------— P
Sound 17 —ppp to fff
£ 5E d --J J - J = :-J J J J ..4-h i
% wr  .
Sound 19 —-fff to ppp
l  4 J J  J  J  1H --------- 1--------- 1--------- 1-------------nfe—±:---■—
J  f fF
__________ » ,  ______fl ....................... . . .  _ m m ""d ......"■ " '
= =  WP
Sound 20 —Blob
Sound 21 — Squiggle
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Sound 22 — Zig-zag
7 — 3 -------------- ■  -  : ■ ------ ----------- p — 1■ ------ ^ ------ ■  -  • >------ — r— ■ ----- r:— i£ —___ -1 m 3 ----- 1------- ----- P —r l
p  1 p —p ----- 1------- ----- -F — r l
4  r n ---------------1 H— 1 r  1 .... 1 1
Sound 23 — Wave line
!>■ ■ J.it
p s £» J b«l m F— F " ' J~'t> J J l„
Sound 24 — Multiple Points
“7-------1--------------------- f------------ :---------“ I------5------ P------ 5-------- ---------------P-----------P------5------A_ *T P V " N P Hr m ■ V ) V t ■fft i r  7 '  r 1 LW ---- 4 ---- ---------------1 —  “--------- m \  \ i 7 rÌJr 1 1
J 1----*T---- V------ ------- c — r ------ =-------- if------■-------f ------ m------- ■t ■ ---- '-t-------i— r m ■L. J- P 7 J 7 J Jk P ■. 4  T—  r — 1 r  f _ S _ | — s— c--------- 1 £____ __ fl__ \ ____ _̂____
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Sound 25 — Birdsong
Sound 26 — Bells
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Sets of 28 sheets of paper were prepared, one set being prepared for each 
subject undergoing the test. Each set of 28 pages was numbered from 1 to 28 
in the top left hand corner. For those children in the kindergarten classes, 
their Christian name was added to each of the numbered sheets.
4.3 Procedure
Children were taken a class at a time and seated in a spare classroom 
provided by the school. Desks were arranged such that each child worked 
independently. Each group was told that they had 28 numbered sheets in 
front of them and with the exception of the kindergarten class, they were told 
to place their name on each of the 28 sheets. Children were told that they 
would shortly hear 28 sounds and that on the sheet of paper matching the 
sound number, they were required to draw something which they thought 
best represented the sound heard. Each group was told that there was no 
right or wrong answer and that the drawings would help someone who was 
going to write a computer program for music.
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Each sound was preceded by the number, such that the correct sheet was 
sitting in front of the student. Each sound was played twice and ample time 
was given for each person to complete his/her drawing.
4.4 Data Analysis
Blank tally sheets were prepared for each category being examined. These 
were: class, sex, child origin, parental origin, musically literate.
The diagrams produced for each of the 28 sounds were tallied onto the 
appropriate sheets (based on the data gathered from the school) according to 
the dominant symbol. A symbol was considered dominant if it was the only 
shape, the major shape or the most repeated shape.
Since no preconceived notion existed concerning symbols, if a symbol fitted 
into an existing category, the tally was added to, otherwise a new category 
was created. Those diagrams which were considered to be a representation of 
reality (thus containing a variety of shapes) and those which simply 
contained a variety of shapes were categorised together. Size, darkness and 
line thickness were ignored, except where these varied within a single 
symbolic representation. This was deemed necessary as many of the younger 
children produced either full page diagrams or very small diagrams. Table 4.2 
indicates the categories of major shapes found in the children's drawings. The 
column headed acceptable variants indicates the variety of acceptable 
symbols which would fit that category.
Since most software used in music composition invites the user to indicate 
melodic contour, in a ’non-dissected' fashion, the first five sounds (those
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which denoted pitch change) were investigated for both a change of shape to 
denote pitch change and the use of melodic contour. Again since no 
preconceived notion existed as to the nature of symbols, symbol change or 
continuity of symbol, each picture was examined to ascertain whether it was 
continuous or discrete and whether there were obvious shape changes or not. 
As with other analysis, a simple tallying was used since no inferences were 
possible with the data.
As many current approaches to music compositional software utilise the 
horizontal stretching and shrinkage of symbols to denote duration, sounds 10 
- 15 (change in duration and rhythm) were examined in terms of perceived 
horizontal variation in symbol use. The repetition of symbol and the change 
of horizontal length of those symbols was considered evidence of the use of 
horizontal variance to denote duration change. A lack of consistency of 
symbol use or non variation of horizontal size of a symbol was considered 
evidence of non-horizontal use of symbols to denote duration change.
The teaching of volume differences in music is often accompanied by a 
change of colour or change of vertical height of the note. Since most of the 
children's representations were monochrome, the volume change sounds 
(sounds 16 - 19) were examined in terms of a perceived change in vertical 
length of the symbols used. The repetition of symbols and the change of 
vertical length was considered evidence of vertical variance to denote volume 
change. A lack of consistency of symbol usage or a non-variation of vertical 






































Rules of classification - Dominant means the only 




Nattiez (1977) suggested that there may exist a set of universal symbols, used 
by children, for the depiction of music. Table 5.1, which indicates the total 
findings for all 179 subjects who took part in the experiment, would indicate 
that the notion of universal symbols was not apparent within the children 
investigated.
Table 5.1: Pictorial Representation (Major Shape)
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 35 85 2 27 8 5 2 15
2 61 74 9 22 6 3 2 2
3 82 58 9 9 8 7 1 2 3
4 83 50 8 12 10 10 4 2
5 70 62 19 6 13 8 1
6 70 47 9 18 14 4 13 2 2
7 57 48 7 5 12 5 1 24 2 18
8 72 33 6 1 12 16 4 17 18
9 62 34 8 3 20 11 3 24 4 10
10 67 61 5 1 14 5 3 23
11 60 63 7 3 17 5 3 2 19
12 63 69 11 2 17 4 2 3 8
13 55 69 17 12 4 14 8
14 45 68 5 12 26 16 2 5
15 54 56 19 10 15 15 10
16 47 60 9 1 20 14 2 5 2 19
17 56 56 8 15 19 1 2 22
18 62 71 2 3 18 4 2 17
19 60 55 1 2 18 22 2 3 16
20 70 35 3 22 20 8 1 20
21 51 66 22 1 10 13 9 17
22 50 58 14 3 19 4 4 6 21
23 36 90 24 5 6 8 1 2 5
24 61 47 12 2 29 2 1 20 5
25 58 53 7 7 11 14 2 15 12
26 50 65 14 4 7 13 18 8
27 53 59 7 3 12 5 18 22
28 43 44 11 7 1 1 40 32
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The data presented indicates that the wave is the most common major shape 
used by children, however, with the exception of sound 23 (wave line), the 
percentage use of the wave does not exceed 50%.
5.1 The effect of age on symbolic representation
Tables 5.2 - 5.5 present the major shapes used by children, subdivided across 
age.
Table 5.2: 5-6 Year Olds
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 6 10 2 6 13
2 25 7 2 3
3 24 6 2 4 1
4 21 6 3 7
5 23 6 2 6
6 14 7 2 9 5
7 17 7 3 4 6
8 19 3 5 5 5
9 15 4 2 3 3 3 3 4
10 24 6 2 2 3
11 21 7 3 1 1 2 4
12 22 7 2 2 2 1 1
13 16 7 1 1 11 1
14 21 4 6 6
15 25 6 2 3 1
16 15 11 2 1 2 6
17 24 5 1 1 6
18 21 7 1 2 6
19 25 2 3 1 6
20 22 6 2 3 4
21 17 8 3 3 1 3
22 13 7 3 1 2 11
23 9 21 1 2 4
24 13 7 6 1 1 5 4
25 24 4 3 1 5
26 12 13 1 3 3 5
27 15 9 1 3 5 4



























Table 5.3: 7-8 Year Olds
Mixed Wave Sqmggle Dots Dashes Circle Music Peak Scribble
13 29 5 5 2
18 20 4 2 5 2 1 2
20 15 8 3 3 3 2
25 12 6 2 7 2
18 16 8 2 7 3
17 19 6 1 2 2
8 19 3 5 1 1 1 6
13 7 3 1 7 9 6
15 11 6 1 6 7
15 20 4 7 3
13 20 2 11 4 2
16 18 4 12 2 1
17 20 10 3 2
9 29 2 3 6 3 2
11 20 6 4 10
9 25 6 1 2 3 1
15 19 5 1 5
14 24 3 3 2
19 16 1 1 8 1 2
21 12 3 1 1 2 1
9 22 6 1 5 5
11 20 5 1 4 2 3
10 23 8 5 1
15 15 6 1 7 1
13 15 4 3 3 4 1
20 14 10 1 1
21 12 5 8 1
6 8 6 1 1 2
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Table 5.4: 9-10 Year Olds
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 9 11 4 1 3 1
2 8 12 1 5 1 1 1
3 10 14 1 2 2
4 13 13 2 1
5 11 11 6 1
6 15 7 1 2 4
7 16 4 1 8
8 10 3 3 6 7
9 12 4 1 1 6 1 4
10 9 8 1 2 9
11 7 10 1 1 1 1 8
12 7 12 1 1 8
13 10 7 2 1 1 8
14 10 10 1 2 6
15 8 10 4 7
16 9 7 1 3 2 4 3
17 9 9 3 4 4
18 9 15 2 2 2
19 8 14 1 1 2 1 1 1
20 12 1 4 2 6 4
21 12 10 4 1 2 1 1
22 12 10 4 2 1 1 1
23 10 11 7 1
24 9 10 6 1 2 1
25 10 9 3 1 2 2 2
26 8 13 4 2 2
27 12 12 2 1 3
28 13 6 5 2 6
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Table 5.5: 11-12 Year Olds
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 7 35 12 2 1 2
2 10 35 3 12
3 28 23 4 1 2
4 24 19 2 8 4 2
5 18 29 5 2 4 1
6 24 14 2 15 3 4 7
7 16 18 4 7 10 2 2
8 30 20 2 4 5
9 20 15 10 3 15
10 19 27 1 3 9
11 19 26 3 4 5
12 18 32 5 2 3
13 12 35 4 9 2
14 5 25 3 8 12 7
15 10 20 7 6 2 15
16 14 17 14 9 2 3
17 8 23 9 14 2 3
18 18 25 12 4
19 8 23 12 12 4
20 15 16 14 15
21 13 26 12 4 4 2
22 14 21 5 11 6
23 7 35 9 5 5 2 5
24 24 15 14 15
25 11 25 3 3 8 15
26 10 25 3 3 8 15
27 15 26 3 3 10 2
28 5 20 4 30
A number of trends are apparent. With the exception of sound 1 (single line 
melody simple diatonic) and sound 23 (wave line) 5-6 year olds (kindergarten 
class) tended to use waves as their major shape less frequently than other age 
groups. Indeed where the older groups (7-8 yr olds, 9-10 yr olds, 11-12 yr 
olds) used wave shapes, the younger group relied on a mixture of shapes. The 
exceptions to the use of waves by the older children are worth noting.
In all three groups (7-8 yr olds, 9-10 yr olds, 11-12 yr olds) the representation 
of the complex chord sounds (sounds 8 and 9) tended to be concentrated 
more towards the mixed symbols than the waves.
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Children in the 7-8 yr old group and the 11-12 yr old group used a mixture of 
shapes to depict sounds 3 and 4 (double line pitch - 2 part invention). By 
comparison the 9-10 yr old group concentrated less on the use of mixtures of 
symbols. Children in the 7-8 yr old and 9-10 yr old groups used mixed 
symbols to depict sound 20 (blob). This was not apparent with the 11-12 yr 
old group.
5.2 The effect of sex on symbolic representation




Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 17 40 1 19 5 3 1 5
2 30 41 3 11 4 1 1
3 36 32 3 7 6 3 2 2
4 36 30 4 7 7 7
5 32 32 9 4 7 6 1
6 36 24 3 11 7 2 6 2 4
7 28 27 3 2 5 2 11 1 12
8 35 16 4 3 8 2 12 11
9 35 19 6 2 5 3 3 14 4
10 38 30 3 9 1 1 20
11 26 31 5 4 13 3 1 2 6
12 27 39 7 1 10 2 1 4
13 22 45 9 7 3 5
14 26 35 1 7 10 11 1
15 29 27 11 7 4 7 8
16 28 28 5 1 9 7 1 4 1 7
17 30 28 6 10 4 13
18 34 34 1 3 13 2 4
19 16 28 1 2 13 14 1 2 14
20 39 16 2 14 7 8 1 4
21 18 32 17 1 7 9 3 14
22 17 36 10 1 7 4 4 3 9
23 17 48 12 1 4 1 1 7
24 27 25 7 2 13 2 13 2
25 23 31 7 5 5 5 1 8 6
26 19 32 13 2 7 6 10 2
27 25 28 6 1 4 2 14 12




Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 18 45 1 8 3 2 1 20
2 31 33 6 11 2 2 2 1
3 46 26 6 2 2 4 1 1
4 47 20 4 5 3 3 4 2
5 38 30 10 2 6 2
6 34 23 6 7 7 2 7 2
7 29 21 4 3 7 3 1 13 1 6
8 37 17 2 1 9 8 2 10 2
9 37 15 2 1 15 8 4 6
10 29 31 2 1 5 4 2 14
11 34 32 4 8 2 2 6
12 36 30 4 1 7 2 2 2 4
13 33 30 8 5 1 9 3
14 19 33 4 5 16 5 1 5
15 25 29 8 3 11 9 3
16 19 32 4 11 7 1 1 1 12
17 26 28 2 5 15 1 2 9
18 28 37 1 5 2 2 13
19 44 29 5 8 1 1
20 31 19 1 8 13 16
21 33 34 5 3 4 6 3
22 33 22 4 2 12 3 12
23 19 42 12 4 6 4 1 1 9
24 34 22 5 16 1 7 4
25 25 24 5 6 9 1 7 1
26 31 33 1 2 7 8 10
27 28 31 1 2 8 3 4 11
28 25 20 2 3 1 1 15 21
A number of differences are apparent. Females tended to use waves more 
often than a mixture of shape in the representation of:
durational change
sound 11 - simple triple rhythm (34% of females used waves, 28% 
used a mixture of shapes - while for the males 36% used waves, 39% 
used a mixture of shapes)
sound 12 - duple rhythm simple (43% of females used waves , 29% 
used a mixture of shapes - while for males 34% used waves, 41% used 
a mixture of shapes)
sound 13 - duple rhythm complex (49% of females used waves, 24% 
used a mixture of shapes - while for males 34% used waves, 38% used 
a mixture of shapes)
gesture
sound 22 - zig-zag (40% of females used waves, 20% used a mixture 
of shapes - while for males 25% used waves, 38% used a mixture of 
shapes)
sound 25 - birdsong (43% of females used waves, 25% used a mixture 
of shapes - while for males 27% used waves, 28% used a mixture of 
shapes)
By comparison males, unlike their female counterparts, tended to use the 
wave in the representation of:
durational change
sound 15 - non symmetrical rhythm complex (33% of males used 
waves, 28% used a mixture of shapes - while for females 30% used 
waves, 32% used a mixture of shapes)
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volume change
sound 16 - ppp to p (36% of males used waves, 22% used a mixture of 
shapes - while for females 31% used wave and 31% used a mixture of 
shapes)
sound 18 p to ppp (42% of males used waves, 32% used a mixture of 
shapes - while for females 37% used waves and 37% used a mixture 
of shapes)
5.3 The effect of music literacy on symbolic representation
Tables 5.8 and 5.9 present the major shapes used by children subdivided into 


























Table 5.8: Musically Literate
Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble
17 47 17 6 1 1
32 42 2 10 5 3
36 33 4 6 5 5 1 2
32 38 3 8 5 5 1
29 37 9 6 7 5
30 33 3 12 4 1 9 1
29 23 3 3 7 1 1 22
38 23 1 4 8 2 14
28 20 5 2 8 6 1 16 1
30 42 3 8 4 2
28 39 4 2 12 3 2 2
30 41 8 1 9 2
29 43 8 4 3 4
20 37 4 8 18 4 2
23 34 15 4 8 6
21 33 6 1 11 9 2 3
21 35 3 10 10 1 1
25 46 2 11 4 2
22 39 1 2 11 12 1
31 16 1 16 10 8 1
26 37 13 1 9 8 4
25 30 8 7 3 1 2
21 51 14 2 3 5 1
27 35 6 2 12 8
26 34 5 4 4 5 10
27 34 8 1 5 7 11
25 38 5 2 3 2 11
14 22 9 2 1 26
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Table 5.9: Musically Illiterate
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 18 38 2 10 2 4 1 10
2 29 32 7 12 1 2 2
3 46 25 5 3 3 2 2
4 51 12 5 4 5 5 3
5 41 25 10 6 3
6 40 14 6 6 10 3 4 1 1
7 26 25 4 2 5 4 2 2 15
8 34 10 5 1 8 8 5 12
9 34 14 3 1 12 5 2 8 3 3
10 37 19 2 1 6 1 1 18
11 32 24 3 1 5 2 1 17
12 33 28 3 1 8 2 2 3 4
13 26 26 9 8 1 10 5
14 25 31 1 4 8 12 4
15 31 22 4 6 7 9 6
16 26 27 5 9 6 2 2 8
17 35 21 5 5 9 1 9
18 37 25 3 7 13
19 38 16 7 10 2 2 10
20 39 19 2 6 10 9
21 25 29 9 1 5 5 11
22 25 28 6 3 12 1 3 4 3
23 15 39 10 3 3 3 1 1 10
24 34 12 6 17 2 1 12
25 32 19 2 3 7 9 2 5 6
26 23 31 6 3 2 9 7 4
27 28 21 2 1 9 3 7 16
28 29 22 2 5 1 14 10
As suggested in the previous chapter literacy was adjudged through the 
learning of a musical instrument either inside the school or outside school 
time. A comparison of the tables indicates that the musically literate children 
tended to use waves as the major shape for all sound with the exception of the 
chord sounds (sounds 6 - 9 )  where they used both mixed symbols and peaks. 
By comparison the musically non-literate tended to use a mixture of symbols 
with the exception of the gesture sounds (sound 21 - squiggle, sound 22 - zig­
zag, sound 23 - wave line, sound 26 - bells). There was little apparent use of 
the peak by the musically non-literate.
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5.4 The effect of child origin on symbolic representation
Tables 5.10 and 5.11 indicate the major shapes used by the children 
subdivided into two groups - those born overseas and those born in Australia.
Table 5.10: Bom Overseas
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 1 5 1 2 1
2 5 2 2 1
3 7 2 1
4 6 1 1 2
5 5 2 1 1 1
6 6 3 1
7 6 1 1 2
8 4 3 1 1 1
9 5 2 1 1 1
10 5 3 1 1
11 6 3 1
12 4 4 1 2
13 5 2 1
14 4 5 1
15 5 3 2 1
16 5 2 1 1 1
17 6 1 2 1
18 6 3 1 1
19 9 2 1
20 6 1 1 2
21 5 4 1
22 5 4 1
23 4 4 1 1
24 5 2 2 1
25 6 2 1 1
26 5 2 2 1
27 6 2 1 1
28 3 3 1 1 2
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Table 5.11: Bom Australia
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 34 80 2 26 8 3 1 15
2 56 72 9 22 6 1 1 2
3 75 56 9 9 8 7 1 2 2
4 77 49 8 12 10 10 3
5 65 60 18 5 13 7 1
6 64 44 9 18 14 4 13 2 1
7 51 48 7 5 12 5 1 23 2 16
8 68 30 6 1 11 16 4 16 17
9 57 34 8 3 18 10 3 23 4 9
10 62 58 5 1 14 4 3 22
11 54 60 7 3 17 5 3 2 18
12 59 65 11 2 16 4 2 3 7
13 50 67 16 12 4 14 6
14 41 63 5 12 26 16 1 5
15 49 53 17 9 15 15 10
16 42 58 9 1 20 13 2 4 2 18
17 50 55 8 15 17 2 21
18 56 68 1 3 18 4 1 17
19 51 53 1 2 17 22 2 3 16
20 64 35 3 21 20 7 1 18
21 46 62 2 1 10 13 8 17
22 45 54 14 3 19 4 4 6 21
23 32 86 23 5 5 8 1 2 5
24 56 45 10 2 29 2 1 19 5
25 52 51 7 7 11 13 2 14 12
26 45 63 14 4 7 11 17 8
27 47 57 7 3 11 5 17 22
28 40 41 11 6 1 1 39 32
While the number of children born overseas is small, there seems little 
difference between the two groups.
5.5 The effect of the origin of the child’s parents on symbolic 
representation
Tables 5.12 - 5.14 indicate the major shapes used by the children subdivided 
into three groups - those who had both parents born in Australia, those who 






























Table 5.12: One Parent Bom Overseas
Mixed Wave Sqtiiggle Dots Dashes Circle Music Peak Scribble
7 14 1 6 2 1
10 14 7 1
14 15 1 3
16 15 2 1
10 17 3 1 1
12 14 2 1 1 3
10 8 3 1 2 1 11
12 6 3 2 1 8
15 9 1 2 7
13 16 3 1
10 17 1 1 5 1
12 19 2 1 1
13 18 3 1
8 20 1 2 1 2
9 12 8 2 2 1
8 10 1 1 3 3 1 5
8 18 1 3 2
16 10 1 3 1
12 14 1 1 3 1
16 5 4 4 3 1
12 4 3 1 1 3
11 14 2 3 3
7 17 5 1 2
13 12 3 3 2
13 12 4 3 1
12 14 3 3 1 2
15 14 1 1 1 2



























Table 5.13: Both Parents Bom Overseas
Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble
5 19 1 7 3 1 1
11 19 4 2 1 1
19 11 4 2
12 12 3 1 2 2
18 11 5 2
19 5 1 3 3 4
13 7 1 2 7
14 8 1 1 4 3 5
12 8 1 5 3 5
11 15 1 1 3 2
12 13 1 2 3 1
11 15 2 1 2 1
8 16 4 1 1 2
10 20 1 6 3
10 14 4 1 1 1
9 16 2 5 1
13 8 4 2 1
9 17 1 1 1 1
13 13 5 3
13 8 4 3 5
8 18 5 1 1
10 14 4 1 2
4 17 6 1 4 1 1
10 12 5 2 1 3
10 12 3 1 1 1 1 3
12 10 3 1 2 1 2
13 9 2 3 1 5
4 6 4 2 8
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Table 5.14: Both Parents Bom in Australia
Sound
Number Mixed Wave Squiggle Dots Dashes Circle Music Peak Scribble Blank
1 23 52 14 5 2 14
2 40 41 9 11 4 1 1 2
3 49 82 9 4 3 7 1 2 1
4 55 23 8 7 9 8 1
5 42 34 11 4 12 7
6 39 28 8 13 10 3 9 1
7 24 33 4 4 9 3 6 2 10
8 46 19 2 8 11 3 4 16
9 35 17 7 3 14 6 3 12 4 8
10 43 30 4 8 2 3 18
11 38 33 5 2 10 4 1 13
12 40 35 7 1 14 3 2 2 2
13 34 35 13 10 3 12 2
14 27 28 4 9 19 11 2 5
15 35 30 7 7 12 13 3
16 26 34 8 15 6 2 14
17 35 30 7 8 15 2 12
18 37 44 3 14 3 8
19 35 28 1 10 18 2 3 12
20 41 22 3 14 13 15
21 31 34 14 9 9 8 12
22 29 30 8 16 3 4 4 14
23 25 56 13 3 2 5 1 1
24 38 23 4 2 24 1 1 15
25 35 29 6 7 13 1 11 6
26 26 41 8 3 2 11 14 1
27 25 36 4 3 8 3 11 17
28 32 24 5 5 1 1 27 14
An examination of the three tables indicates that there is little significant 
difference between the three groups.
5.6 The use of melodic contour by children
Since most compositional software uses melodic contour as its basis, the 
representations of sounds 1 - 5  (pitch variation) were analysed for symbolic 
continuity. Table 5.15 shows the raw tallied results both as a total and further 
subdivided across age.
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1 8 29 12 42 22 7 22 37 64 115
2 4 33 15 39 23 6 25 34 67 112
3 2 35 12 42 20 9 17 42 51 128
4 1 36 6 48 24 5 17 42 48 131
5 1 36 9 45 14 15 23 36 47 132
~x are those who did not follow melodic contour.
Those pupils who showed change of pitch by a vertical repositioning of 
symbols were considered to follow musical contour, ie a raise of pitch was 
indicated by a vertical raise of symbols used.
Results from table 5.15 would suggest that the vertical positioning of symbols, 
as depicted in Western musical notation, are not apparent in the preferred 
symbols of the children tested.
5.7 The changing of symbol with the changing of pitch
An analysis was carried out to determine if the changing of pitch gave rise to 
a change of symbol. As such sounds 1 - 5  were analysed for evidence of the 
use of varying symbols. Table 5.16 shows a total and subdivision by age of 
those representations which changed shape and those which did not.
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X  - X
1 9 28 32 22 6 23 16 43 63 116
2 20 17 28 26 7 22 17 42 72 107
3 19 18 19 35 13 16 25 34 76 103
4 24 13 22 32 6 23 21 38 73 106
5 25 12 23 31 9 20 23 36 80 99
~x are those who showed no evidence of shape change.
Those pupils who indicated change of pitch by a change of symbol were 
designated under the category shape changing evident. Those who used a 
single symbol show no evidence of shape change with pitch change.
The changing of shape appears more often used in the 5-6 yr olds and 7-8 yr 
olds than the older children.
5.8 Horizontal modification of shape with change of note 
duration
Representations of sounds which varied in duration (sounds 10 - 15) were 
further analysed to determine if there was evidence suggesting the the use of 
variation of horizontal size of symbols. The repetition of symbol and the 
change of horizontal length of those symbols was considered evidence of the 
use of horizontal variance to denote duration change. A lack of consistency of
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symbol use or non variation of horizontal size of a symbol was considered 
evidence of non-horizontal use of symbols to denote duration change. Table 
5.17 shows both the total raw score for the group and this broken down into 
age categories.















10 20 17 18 36 8 21 34 25 80 99
11 21 16 23 29 9 20 31 28 84 95
12 19 18 28 26 7 22 39 20 93 86
13 19 18 26 28 4 25 36 23 85 94
14 17 20 28 26 4 25 33 26 82 97
15 17 20 26 28 8 21 31 28 82 97
~x are those who showed no evidence of horizontal variation.
Pupils who varied the horizontal length of symbols with change of note 
duration were categorised as showing evidence of horizontal variation.
Table 5.17 suggests that a tendency towards horizontal modification of 
symbols is apparent as a means of denoting durational change. It should be 
noted that while sounds 1 0 - 1 5  were presented in the form of rhythmic 
pieces, each contained sufficient duration change to assess diagrammatic 
representation of this parameter.
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5.9 Vertical Modification of shape with change of note volume
Representations of sounds which varied in volume (sounds 16 - 19) were 
further analysed to determine if there was evidence suggesting the the use of 
variation of vertical size of symbols. The repetition of symbol and the change 
of vertical length of those symbols was considered evidence of the use of 
vertical variance to denote duration change. A lack of consistency of symbol 
use or non variation of vertical size of a symbol was considered evidence of 
non-vertical use of symbols to denote volume change. Table 5.18 shows both 
a total and a subdivision by age.



















16 2 35 1 53 0 29 17 42 20 159
17 0 37 4 50 17 12 2 57 23 156
18 1 36 0 54 16 13 37 22 54 125
19 0 37 12 42 22 7 0 59 34 145
~x are those who showed no vertical variation.
Pupils who changed the vertical length of symbols with change of volume 
were categorised as showing a vertical variation of sound.
While not pronounced the table shows that some children do employ a 
method of vertical adjustment of the symbols to represent change in volume. 
This is perhaps best seen in the representation of sound 18 (p to ppp) by older
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children (ages 9 - 12). 60% of these children showed a vertical change of 
symbol to represent change of volume.
5.10 Discussion of results
From the data presented it would seem that innate symbol vocabularies are 
strongly related to pitch rather than the currently used melodic contour, 
found in most software. Furthermore the symbol vocabulary seems well 
equipped with the facility to deal with variation to duration and volume. The 
data further suggests that there are differences in the use of symbols between 
males and females and that maturity and music literacy do appear to 
influence the child's use of symbols to denote music. One conclusion which 
might be drawn on the relationship between both age and music literacy and 
the choice of symbols is that with either an increase in age or an introduction 
to music learning, the symbol systems apparent in the younger child are 
replaced by the more traditional western notational styles. This conclusion is 
supported in the literature (Chacksfield 1975, Schafer 1976, Brown 1978, 
Paynter 1982, Shiel 1985, Gifford 1985). Based on the existing data, an 
explanation for the differences found in males and females and their choice of 
symbol representation is not immediately apparent.
It would seem, then, that if music education is to be truly child centred, ie. 
catering to the individual, it must move away from analogies to language 
learning and use the personal symbols of the individual. Music compositional 
software must also be based on such considerations, rather than basing its 
presentation on tradition. A summary of results which might be employed in 
any software development must be based on the following:
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• the child has a symbol vocabulary which appears to be pitch based
• facilities exist within this vocabulary to denote change of duration 
and volume
• the symbol vocabulary is unique to the individual and not universal
• the concept of melodic contour where vertical position of a symbol 
denotes pitch is not apparent within the vocabulary of the child •
• while variation exist across age and musical literacy, the symbol 
vocabulary still tends to remain intact within the child
Chapter 6
Discussion and Implications 
6.1 Summary of the Study
The use of the computer for the purposes of music composition is becoming 
more and more commonplace. Originally, software for this purpose was 
designed with the professional in mind but over the last decade music 
compositional software has been used more and more in the normal 
classroom setting. While today's software comes with many more features 
than the software of a decade ago, a close examination of the design strategies 
suggests that many have changed little over the ensuing period.
In noting the shortcomings of music composition software when it was 
applied to the young naive learner, this study concentrated initially on the 
theories of learning currently in use in music composition. These theories 
were examined to determine both their applicability to music composition 
and their scope in allowing for individual experimentation by the learner. The 
ensuing discussion of music learning indicated that many of the adopted 
practices of music education failed to adequately cater to the young learner. It 
was found that many of the concepts 'taken for granted’ both in music 
learning and the software used in music learning were questionable and 
perhaps actually reduced the ability of the young learner to fully experiment 
with sound. In addressing these questions a checklist was produced through 
which a more rigourous examination of currently available software might be 
undertaken. Music composition software, specifically that software which is 
directed towards the young naive learner was examined against the checklist. 
In all cases the software was found to be more aligned to western music
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tradition than to the learner. This was especially noticeable when notation 
was considered.
In order to make software more applicable to the notation of the young 
learner a study involving 179 children was undertaken. There were five 
principal aims for carrying out the study:
• To determine if children's notation was based on melodic contour as 
used in all current compositional software.
• If melodic contour was not used by children, to determine whether 
children's notation was based on pitch, duration or volume.
• To determine if the notational system was universal or unique to the 
child.
• Having determined a basis for notation, to investigate how other 
components of music were depicted from within the notation.
• To determine if age, sex, music literacy or cultural background had 
any effect on the notational style of children.
The result of the study suggested that children did not follow melodic 
contour and indeed based their notation on pitch. The study showed that 
symbols used within the notation systems were not universal but varied from 
individual to individual. The study suggested that the notation system could 
accommodate changes in volume and duration by simple manipulation of the
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symbols. Finally the study showed that some variation might be attributable 
to age, sex or music literacy.
The results were then applied to the theoretical checklist to produce a more 
detailed set of inclusions for compositional software aimed at the young 
learner. While not actually part of the study a software model was partially 
designed to demonstrate the technical feasibility of the suggested inclusions 
and to suggest a means by which they may be achieved.
The study has highlighted some of the fallacies upon which much of the 
current music educational software is based. The results obtained support the 
notion that the learner does come equipped with a fully developed notational 
system for music and for software to be applicable it must trap and use this 
notational system. It would seem, then, that not only must the software 
conform with the conclusions suggested in Section 2.4 but, should also 
contain the following:
• an ability to capture and use a pitch based notation unique to the 
learner.
• an ability to allow learner controlled horizontal and vertical 
stretching of the icons to denote lengthening of duration or increase 
of volume.
6.2 Implications for Software Development
In the conclusions of chapter 3, it was considered that any software based on 
learner defined icons should consist of four parts:
• a function which gains the learner's icons
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• a function which allows the learner to use these icons to compose 
music
• a function which allows the composition to be played back
• a function which allows changes to be made to the composition.
At the conclusion of the study these four functions can be specified to include 
both the concept of pitch based icons and the manipulation of those icons 
(vertically or horizontally) to denote changes in volume or duration.
6.2.1 Gaining the leamerfs own icons
In line with the results in chapter 5 the gaining of the learner's notation will 
require the software to present various pitches, one at a time, together with 
the facility for the learner to ascribe his/her own notation to the pitch. The 
results shown in Table 5.1 indicate that most notation given by children is 
iconic rather than textual. Thus, in order to gain an individual's notation it is 
necessary that a drawing facility be available through which notation can be 
entered and stored in the computer. Since the software must ultimately 
provide for a single octave, subdivided into semitones, 13 separate shapes 
need to be gathered from the learner. These icons must be stored as 
representing a specific note for the learner and must be available to the 
learner when composition is required. As such it is suggested that the 
learner's notation is stored with the learner's name and an internal pitch value 
for later identification. Figure 6.1 gives an overview of the function together 
with likely VDU layouts.
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A number of learner controlled functions must be made available within the 
composition mode. These facilities must include the display of the learner's 
own notation set in the form of a menu. The choice of a menu is based on the 
findings of Bamberger (1975,1976) who suggested that since music is initially 
approached in a serial fashion, all pitches need to be made available to the 
learner at all times. In Bamberger's study (see section 2.3) pitches were made 
available to the learner in the form of bells of differing pitches. Together with 
the menu of pitches there must be a facility to STOP at any time and the 
facility to UNDO the last note and shape if required (see section 3.3).
The results of the study indicate that a means of horizontally or vertically 
manipulating the icons as well as a method for representing glissandos need 
to be made available to the learner for composition to take place. These will 
be discussed separately in the following sections.
6.2.2.1 Stretch Horizontal
Since children tend to use a horizontal lengthening of the symbol to denote a 
lengthening of duration, a function which allows the horizontal stretching 
must be included. This can be accomplished a number of ways. One method 
is to provide a function for the learner which will horizontally stretch the icon 
a predefined amount, the other is to allow the mouse to 'drag' the icon 
horizontally across the screen. If a function is provided, an icon used from the 
menu will be considered to have a 'base duration' of a semiquaver. Upon the 
application of the stretch horizontal function this duration should double 
exactly and the icon should double in horizontal length on the screen. The 
continued use of this function up to the duration of a minim should be
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After one application of stretch 
horizontal note sounded as a 
quaver
* | |----------1— — |----------- 1—
A A A  1<>
After maximum Horizontal Stertching 
note is sounded as a minim
Figure 6.2
allowed for in the software. Since the learner's own icons appear in menu 
form it is considered valid to place the stretch horizontal function, together 
with the STOP and UNDO in a separate menu. Figure 6.2 shows the likely 
VDU layout before and after the application of this function. If 'dragging' is
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used in place of the function, the learner will need to click the mouse onto the 
icon and drag the icon horizontally across the screen. The duration of the note 
will then need to be calculated as a function of the original horizontal length 
of the icon and the new horizontal length after dragging.
6.2.2.2 Stretch Vertical
Since children tend to use a vertical lengthening of the symbol to denote an 
increase in volume, some form of vertical stretching must be included. Again, 
this can be accomplished a number of ways, either by the use of a function or 
by vertically dragging the icon. If a function is used, an icon from the menu 
will be considered to have a 'base volume' of pianissimo (pp). Upon the 
application of the stretch vertical function the volume of the note should 
double exactly and the icon should double in vertical length on the screen. 
The continued use of this function should be allowed for in the software with 
an upper limit of fortissimo (ff). The STRETCH VERTICAL should appear in 
the same menu as the stretch horizontal, STOP and UNDO functions. Figure
6.3 shows the likely VDU layout before and after the application of this 
function. If dragging is used in place of the function, the learner will need to 
click the mouse onto the icon and drag the icon vertically up the screen. The 
volume of the note will then need to be calculated as a function of the original 
vertical length of the icon and the new vertical length after dragging.
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Note sounded with a volume of pianissimo
After one application of Stretch Vertical 
note is sounded as piano




A number of researchers (see Werner 1940, 1961, McKernon 1979) have 
indicated that the use of glissandos is common in the compositional efforts of 
the young child. Based on the findings of the study, which demonstrated that
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children depict pitches through differing icons, the depiction of a glissando 
must involve the icons for both notes (the start of the glissando and the end of 
the glissando). In order to distinguish the glissando from two discrete notes 
played one after the other, the glissando should be depicted as the
superimposition of the iconic symbols for the two notes. Figure 6.4 indicates











the two notes 










The change function should allow the learner to insert, change or delete any 
icon and matching sound within a compositional effort. Upon invoking the 
change function the composition will automatically commence being played 
until stopped by the learner. Once the piece has been stopped, three options 
will be available to the learner:
• the ability to delete the current icon and sound. If the learner deletes 
the icon and sound the piece should be saved without that icon and 
its sound equivalent. The piece continue to be played from position 
directly after the point of deletion.
• the ability to change the current icon and sound. If the learner 
chooses to change the current icon and sound, it should be deleted 
and the software should automatically return the learner to 
composition mode such that new sounds and icons can be added.
• the ability to add more icons and sounds at the point of stopping. If 
the learner elects to add more icons and sounds to the composition, 
the software should automatically return the learner to composition 
mode such that new sounds and icons can be added.
6.2.4 Playback
Playback should allow part of the composition or all of the composition to be 
played back together with the matching notation. Bernardo (1986), in a 
discussion of the Concertware software, considered that it was valid during 
playback to have just icons displayed on the screen as long as the icons were
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meaningful to the user. Thus during playback, the learner should be able to 
control the switching on and switching off of sound.
6.3 Design Considerations
The requirements listed above give rise to a number of design considerations 
which need to be addressed. These considerations include:
• The ability to allow the learner to freely draw an icon and have it 
automatically displayed on a VDU screen.
• The ability to store that icon in a format which can be recalled and re­
displayed as required.
• The ability to distort the icon horizontally or vertically with the need 
for re-drawing by the learner.
• The ability to store distorted icons and have them recalled and re­
displayed as required.
• The ability for a learner to use a menu (either by touching or clicking 
a mouse) such that icons or built in functions can be invoked. •
• The ability to record sound which varies up to one octave in pitch, 
from pp to ff in volume, and from semiquaver to minim and have 
these sounds able to be recalled and re-sounded as required.
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If such software is to be available within a variety of classroom settings, it 
needs to be designed such that it is in some ways portable from machine to 
machine. In order to meet such requirements there is a need to consider both 
the graphical component and the musical component. Since the 
representation of these differs in the Macintosh and MS DOS environments, 
these will be considered separately.
While clearly not the only alternative, one method which is designed for 
iconic input, allows the use of menus and is portable is the hierarchical 
dictionary approach suggested by Sobelman and Krekelberg (1985). The 
hierarchical dictionary approach (see figure 6.5) consists of four levels:
Heirarchical Dictionary Approach •
Figure 6.5
• High level Functions - These functions include the saving of icon and 
sound, the recall of icon and sound and the invocation of lower level 
functions to carry out the drawing, sounding etc.
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• User Interface Code - This controls the use of the mouse or touch 
sensitive screen. It determines if an icon or function has been invoked 
and passes control to that icon or function.
• Segmented Graphic Function - These functions determine where on 
the screen icons and/or text will be placed. They control which parts 
of the screen need to be cleared and which parts are in use. They pass 
this information on to the primitives for the actual drawing.
• Primitives - These functions carry out the drawing of the icons. They 
include facilities to draw points, lines, shapes and text. They are 
controlled by the segmented functions.
In a similar fashion to the graphics, Buxton et al (1978) proposed the 
generation of sound through the hierarchical approach (see figure 6.6). 
Chamberlin (1980) considered that this approach allowed a more ’cost 
effective’ mechanism to the production of music since all possible sounds 
were maintained within tables and were simply manipulated when required. 
He further added that such an approach allowed for a more portable software 
design, where only the lower levels needed to be re-designed when moving 
from machine to machine.
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Heirarchical approach to music
Figure 6.6
The software implications of some of the 'new' inclusions suggested in the 
study can be approached in a variety of ways. By way of illustration several 
functions will be briefly discussed utilising a hierarchical dictionary 
approach.
6.3.1 Gaining of an Icon
The gaining of an icon involves the following steps:
1. The sounding of a note
The sounding of a note requires that certain parameters (frequency, duration, 
amplitude, attack, decay, sustain and release) are taken from the sound tables 
and passed to the waveform functions such that sound is produced. The 
production of sound is carried out by the SOUND-GENERATION-
116
PRIMITIVE and is sustained by the PLAYBACK-PRIMITIVE. Using the 
hierarchical approach the 'code' would appear as follows:
PERFORM NOTE_PLAY
{pass duration of attack, decay, sustain, release 
pass amplitude, wave table address for 
attack, decay, sustain, release 
CALL SOUND_GENERATION_PRIMnTVE 
call amplitude and frequency functions 
call waveform pointer 
CALL PLAYBACKĴ RIMmVE 
}
2. Obtaining an Icon
The drawing of an icon requires the learner to hold the button of the mouse 
down and to move the mouse. As the mouse moves, all points through which 
it passes need to be stored while a matching figure is drawn on the VDU 
screen. The function which stores the points is termed 'store linked list of 
pixels'. The function which draws the icon on the screen is called 
MULTIPOIOT-LINE-PRIMITTVE. Using the hierarchical approach the 'code' 
would appear as follows:
LOOP (Until button released)
PERFORM BUTTON_DOWN_EVENT 
{store linked list of pixels passed 





6.3.2 Using an Icon
The using of an icon involves a number of steps. These include:
2. Selection o f an icon from the menu
The selection of an icon involves the learner placing the cursor on the 
required icon using a mouse and depressing the button on the mouse. The 
detection of the icon is carried out by the Menu Manager, which is part of the 
User Interface Code. The 'code' would appear as follows:
IF ButtonDown 
IF ICON
retrieve icon and sound 
parameters from file 
ENDIF 
ENDIF
2. The Drawing of the icon on the screen
Once the appropriate icon is retrieved from file in the form of a linked list of 
pixels, this is passed to the MULTIPOINT-IJNE-PRIMTnVE and displayed:
LOOP (Until linked list is finished)
{retrieve linked list of pixels 





3. The sounding of the note
The parameters of the note (frequency, duration, amplitude, attack, decay, 
sustain and release) having been retrieved from file are passed to the 
SOUND-GENERATION -PRIMITIVE to be 'sounded':
PERFORM NOTE_PLAY
{pass duration of attack, decay, sustain, release 
pass amplitude, wave table address for 
attack, decay, sustain, release 
CALL SOUNDGENERATIONPRIMITTVE 
call amplitude and frequency functions 




The playing and drawing of the glissando are similar to the playing and 
drawing of a single note and icon. The drawing component simply involves 
the drawing of two icons instead of one:
LOOP (Until linked list is finished)
{retrieve linked list of pixels 




LOOP (Until linked list is finished)
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{retrieve linked list of pixels 
pass points to M ULTIPOINTLINEPRIM ITIVE 
CALL M ULTIPO IN TJJN EJ?RIM lTrVE  
}
ENDLOOP
The sound function requires the passing of a frequency range to the SOUND­
GENERATION-PRIMITIVE such that the pitch gradually varies from one 
note to the other:
PERFORM NOTEJPLAY
{pass duration of attack, decay, sustain, release, frequency range 
pass amplitude, wave table address for 
attack, decay, sustain, release 
CALL SOUND_GENERATION_PRIMrnVE 
call amplitude and frequency functions 
call waveform pointer 
CALL PLAYBACKJ^RIM m VE  
}
6.3.4 Horizontal and Vertical stretching
The drawing component of these functions is identical to the standard 
drawing functions shown in 6.2.2. The stretching is achieved by passing a 
different linked list to the MULTIPOINT-LINE-PRIMTTIVE, the linked list 
being for the stretched icon.
120
Likewise the sound function is achieved by passing a different duration or 
amplitude parameter to the SOUND-GENERATION -PRIMITIVE such that 
the appropriate volume or duration are achieved.
6.4 Implications for further research
The findings of this study have highlighted several areas which need further 
investigation. They are as follows:
• The existence and usability of learner defined icons in other learning 
pursuits. Recent work (see MacGregor and Hasan 1990) have shown 
this technique to be applicable in the learning of pseudocode at 
tertiary level.
• A number of studies (Pribram 1978, 1982) have suggested that 
cultural background does have a bearing on the child's approach to 
music. The present study showed that this was not in evidence in the 
use of notation. A longitudinal study which might investigate 
preferences of symbols to denote music could include the cultural 
background of the children involved. •
• An investigation to determine why the music notational systems of 
young children vary with age, sex and music literacy. While some 
conclusions have been suggested in this present study, it is 
considered that a more longitudinal approach would be required in 
order to answer these questions.
The current study did not address the learning of standard notation . 
If, as Bamberger (1975, 1976) suggests, there are stages of music 
composition, the use of user defined notation may prove a useful 
vehicle to introduce standard notation and music theory to the 
learner.
Since it has been suggested that current approaches to music 
composition software fail to consider the notational system of the 
learner, a comparative study of enforced notation and learner defined 
notation would be appropriate. Based on the results of this present 
study, it is considered that the learner would be able to express 
musical concepts easier using their own notation rather than a 
notation forced upon them.
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Appendix
Samples of Children’s Responses
Exhibit A -l
Sound #9 - Complex Chord Open
Categorised as Wave ;
/
Exhibit A-2
Sound #26 - Bells
a j
Exhibit A-3
Sound #1 - Single Line Melody Diatonic
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Categorised as Mixed
Exhibit A-4
Sound #19 - fff to ppp
Categorised as Circles
Exhibit A-5
Sound #14 - Simple Non-symmetrical Rhythm 
with Durational Change
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Categorised as Mixed
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